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INTRODUCTION 
Iowa has approximately 7 «75 million acres on farms which are used 
for pasture (114). Cropland used only for pasture accounts for 2.85 mil­
lion acres. Other pasture (not cropland and woodland) or what is com­
monly referred to as permanent bluegrass pastures is found on 3*3^ mil­
lion acres. Of this amount 3^9,000 acres are listed as improved pasture. 
This has been accomplished by introducing drought tolerant legumes, 
applying fertilizers, liming, etc. The remaining 1.56 million acres are 
listed as woodland which is pastured. Much of the permanent bluegrass 
pasture and woodland pasture does not produce enough forage to make pas­
ture husbandry a profitable operation on the farm. 
In recent years relatively rapid changes in grain production tech­
nology together with a relatively inelastic demand for grain products 
have resulted in a marked reduction in the acreage needed for grain pro­
duction. This is being reflected in a steady trend towards the withdrawal 
of the most marginal lands, even in the corn belt, from the production of 
corn (80). At present it does not appear that there will be a need for 
expanding the corn acreage in the forseeable future. On the contrary, 
more extensive applications of currently known technologies suggest that 
for the most efficient production of the nation's grain needs, even 
smaller acreages of corn than now planted will satisfy the demand. 
All evidence points to the fact that more land in Iowa will be taken 
out of regular corn production due to withln-industry and within-farm 
unit adjustments made in response to technology, production costs and 
returns. 
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In the past at least part of the land not used for corn production 
in a given year on a given farm was used in an enterprise complementary 
to corn production; growing legume crops for the production of nitrogen. 
This role can now be replaced over wide areas by off-the-farm inputs of 
commercial fertilizers which appear to be less expensive and conducive 
to higher farm profits than on-the-farm complementarity. Legume forages 
were complementary because in the long run it was possible to produce 
more corn on a given farm if a certain part of the land in the cropping 
sequence was devoted to legume meadow. In addition, sod forming forages 
were considered to be the primary means of controlling run-off and erosion 
on sloping soils. With inexpensive and plentiful fertilizers, especially 
nitrogen, other agricultural chemicals for weed, disease and insect con­
trol as well as conservation practices to control erosion, the comple­
mentarity has changed to competition in many instances. 
Considering these concepts and assuming that most of the land not in 
corn or other row crops is most likely to go into the production of for­
ages, it becomes easier to formulate the problem of forage use. The 
problem facing Iowa agriculture and particularly that of southern Iowa 
is one of finding gainful use for that land not in regular grain crop 
production. 
Forage crops provide an important source of income on many cornbelt 
farms. On some farms in the corn belt, such as those in southern Iowa, 
resources are such that income depends largely or entirely on the use of 
pastures for livestock production. Census figures show an average of 
forty percent of the land on southern Iowa farms is devoted to permanent 
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pasture as a land use. 
Cost records in general show that 100 pounds of total digestible 
nutrients can be produced at a lower cost by highly productive, well 
managed forages such as pastures when compared to forages harvested as 
hay, corn and oats as grain (56), emphasizing that greater over-all bene­
fits should be obtained from forages used as pastures. Farm income and 
the level of living of Iowa farm families may then be raised measurably 
through improved pastures and proper forage management. 
One opportunity for increasing resource productivity and farm income 
on southern Iowa farms is to invest capital in pasture improvement. Evi­
dence shows that capital invested in pasture improvement and renovation, 
and the livestock to utilize the increased forage production, can greatly 
increase the value of products produced on land unadapted to continuous 
grain cropping; yields of forage and livestock products can be increased 
as much as threefold. In addition, techniques of production have been 
developed to reduce risks and costs associated with pasture production. 
However, the practices of improving and renovating pastures are proceed­
ing at a slow rate. Many reasons may be given why farmers have not made 
greater adjustments in terms of pasture acreage and improvement. One im­
portant reason is the lack of knowledge. Many farmers do not have proper 
knowledge of the increased yields to be obtained from improved pasture 
management systems. Even fewer have information on the costs of and re­
turns from improved pasture since education has tended to emphasize mainly 
the agronomic and physical aspects of pastures and pasture improvement. 
Very few recognize and use techniques to reduce the risks associated with 
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forage production. Another reason for the slow rate is capital limita­
tion. Most farmers operate with limited funds. Accordingly, if they are 
to make the greatest amount of profit, they must use each dollar, acre of 
land and hour of labor where it will bring the greatest return. The ques­
tion then becomes not so much whether pasture improvement and renovation 
are profitable; but whether they are more profitable than alternative 
uses for scarce capital. 
From the supply side the most profitable amount of pasture improve­
ment or the most profitable management plan for the entire farm must be 
related to the physical resources of the farm, the amount of capital 
available, its earning rate in alternative enterprises and practices on 
that farm and the management ability of the farm operator. Therefore, 
because of limited capital, soil differences and differences in returns 
among various farm enterprises, the pasture management plan which is best 
for one farm need not be the best for a neighboring farm. 
If agricultural advisors are to estimate returns from forage crops 
as pasture, they must know the location of Iowa pastures with respect to 
landscape and soil characteristics and the potential yield of forage ob­
tainable from each of the major soils in pasture. Physical and chemical 
measurements of the soil, vegetative cover and species present as well as 
inventory of the management applied should be useful in estimating this 
yield potential. The yield coefficients along with landscape character­
istics can then be used by farmers and agricultural advisors in making 
better decisions when selecting land use alternatives for soils on farms. 
Information of this type will also be useful in planning future pasture 
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and forage research. 
Normative Situation 
Land policy or land use goals must be geared to and be subservient 
to broader goals of economic policy of which land policy is but one 
segment (111). The major goals of economic policy consist of maximizing 
the social product over time and optimizing ths distribution of income 
among people. Thus, the ultimate goal of a land use system is to use 
land in order to maximize the satisfactions of society over time. The 
use for land may be for cropland, pasture or range, forest or non-
agricultural uses such as roads, recreation, residential or industrial 
sites, etc.: Land should be allocated among the various uses so that 
their marginal social net product values are equal. If society's goal 
is met and adjustments are made in agriculture to meet changing demands 
consistent with economic growth, shifts in land use will need to be made 
over time. These shifts will take place gradually. However, in the 
short run, political, social and economic forces of society may encourage 
land shifts both toward and away from this end. 
Major factors from a physical standpoint which determine land use 
alternatives are susceptibility toward erosion, productivity, position 
on the landscape and location. After land use alternatives have been 
determined capital, labor and management inputs must be invested to 
achieve the desired satisfactions. 
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Gap 
Data from the Iowa Statistical Sample Survey and predictions from 
the conservation needs inventory conducted by Iowa State University, the 
United States Department of Agriculture and related agencies are found 
in Table 1. 
Table 1. Land use in the 10 county area encompassing the Shelby-Grundy-
Haig, Weiler-Lindley and Shelby-Seymour-Edina soil association 
areas and expected in 1975 
Present Expected 
Land use 1954 1975 
1,000 acres 1,000 acres 
Crop land 1,827 1,979 
Pasture 1,161 1,026 
Timber 479 433 
Other land 98 124 
TOTAL 3,713 3,713 
Agricultural workers, after considering assumptions set forth in 
memorandum No. 1396 of the Secretary of Agriculture, estimated that the 
listed land use shifts could be attained by 1975 after considering Iowa 
Statistical Sample data, present farming practices and the productivity 
of each soil. 
Open permanent pasture as listed in Table 1 represents only one 
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type of forage on farms of the area. Increase in the acreage of rotation 
forages is likely to occur in response to improved technology. 
The demand for more and higher quality beef will expand about as much 
in the I960's as in the 1950's.^ Beef cow numbers in the North Central 
states increased by 64 percent during the period from 1948-50 to 1958-60. 
Beef production, exclusive of fattening, will continue to be located where 
forage is produced. Therefore it appears that the area will at least re­
tain its relative position in beef production in the decade ahead and it 
will probably gain in beef cow numbers. Because of this increased demand 
for livestock products the acreage of all forages in the area is likely 
to increase tyr 1975» The changes in acreages represent a gap in present 
knowledge about land use as defined by the norm. 
Hypotheses Directing the Study 
Problem delimiting hypothesis 
The expected land use for 1975» as shown in Table 1, will be used as 
the norm in this study. It is recognized that the decisions were not made 
with perfect knowledge; however, the data represent the best estimate 
available at the present time. 
If present land use on farms is not the same as the best estimates 
made by agricultural workers in the area, then certain obstacles exist 
to prevent its achievement. 
lj. 0. Dunbar. Changing beef production patterns and land use. In 
CAEA Report 15. pp. 181-199. The future for beef. Center for Agricul­
tural and Economic Adjustment. Iowa State University of Science and 
Technology. Ames, Iowa. 1963. 
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Diagnostic hypothesis 
If present land use is not the same as the best estimate, it is be­
cause adequate information is not available for agricultural workers and 
farmers to use in making intelligent decisions as to land use alternatives. 
Remedial hypotheses 
1. If land use programs on some farms within the area are consistent 
with the normative situation, then there are success elements on these 
farms which can be adopted on other farms. 
2. If there are obstacles which prevent shifts to meet the normative 
situation, then there are remedial measures dormant in the problematic 
situation which can be developed to overcome the obstacles. 
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REVIEW OF LITERATURE 
The concept that a community of forage plants established from seed­
ing is dynamic rather than static is recognized tyr maryr workers in the 
field. The changes in competition that occur in any given sward are due 
primarily to the interplay of the climatic, edaphic and biotic factors 
on growth and development of plants. 
Many studies as reported by Ahlgren (1) indicate that recently 
established pastures are more productive than pastures which have been 
established for many years, in both the humid and arid regions of the 
world. Reasons for the existing tendency for yields to decrease with in­
creasing age of stands are not fully understood. However, such factors 
as the gradual elimination of more productive species, deficiency of 
oxygen in the soil, excessive COg in the soil, toxic secretions, nitrogen 
starvation, unfavorable soil pH, lack of sufficient available phosphorus 
and potassium, increased compaction near the surface and accumulation of 
undecomposed or partially decomposed organic materials on or near the 
surface have been cited by various investigators as possible contributing 
factors. 
Soils 
Soils are an important factor in pasture production and improvement. 
Perkins et al. (79) found that soil types had a marked influence on the 
yield of herbage. Soil type also determined, to a marked degree, the 
response of forages in pasture to lime and fertilizer. Brown (18), in 
Connecticut, found that pastures fertilized the same varied widely in 
9 
yield depending on the soil type on which the pastures were located. 
Peterson (81) found that Clinton silt loam yielded 2? and ^4 percent 
more herbage than Lindley silt loam in 1944 and 1945, respectively, al­
though only the 1945 yield differed significantly. Foster (42), in Iowa, 
reported nearly a one-fourth ton difference in forage yield between a 
Burchard and Shelby soil. Shrader et al. (97) reported estimated yields 
for forage on sixty-seven soil types and phases. 
Landscape 
Location on the landscape is a property of a soil which can be used 
to determine the relative value of the soil in land use. Runge and 
Riecken (91) working with quarter section farms drawn from the Iowa 
Statistical Sample Survey reported that as field size increased the per­
centage of soils of a given slope in that field decreases and landscape 
within the field becomes increasingly rough. They reported 60.9 percent 
of the land had less than 9 percent slope, 35 percent with less than 
5 percent slope and 12.8 percent with less than 2 percent slope in the 
Shelby-Grundy-Haig and Shelby-Seymour-Edina soil association areas com­
pared to a state average of 75.2, 59.6 and 27.7 percent in each slope 
grouping.* The authors concluded that as more restrictive slope criteria 
are applied to soils in the Shelby-Grundy-Haig and Shelby-Seymour-Edina 
soil association areas, they are at an increasingly greater disadvantage 
compared to the state as a whole. 
Chemical measurements 
The natural fertility of a soil is a major factor determining the 
species present in the sward, amount of vegetative cover and productivity 
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of the forages in pasture. Pierre et al. (83), in West Virginia, studied 
pastures in nine areas of the state and found that the low carrying capac­
ity of permanent pastures was due to the inferior forage species present. 
Two major causes for the inferior type of vegetation and low carrying ca­
pacity were soil acidity and depleted soil fertility. Lime was needed on 
85 percent of the pasture soils before Kentucky bluegrass and white 
clover could be re-established. Moreover, they found an even greater 
need for phosphorus as 94 percent of the soils studied were found to be 
very deficient in available phosphorus. They determined that at least 
20 pounds per acre of readily available phosphorus, as determined by the 
Truog method, were necessary if a sod of Kentucky bluegrass and white 
clover is to be maintained in permanent pastures. Soils having 10 to 20 
pounds per acre were found to be deficient and soils having less than 10 
pounds per acre were very deficient. Nitrogen was also found to be de­
ficient in many of the pasture soils. Robinson (88) analyzed the soil 
samples taken in the study reported by Pierre et al. (83) for pH, avail­
able phosphorus, total nitrogen, total exchange capacity, total exchange­
able bases, exchangeable potassium and in some cases exchangeable calcium, 
magnesium and sodium. A straight line relationship was found to exist 
between total nitrogen content and total exchange capacity of these soils. 
In general, percentage base saturation of the soils studied was closely 
associated with pH values. A comparison of samples from the same pastures 
showed that, in general, soils supporting Kentucky bluegrass were higher 
in pH, percent base saturation, total exchangeable bases, available phos­
phorus , total nitrogen and exchangeable potassium than soils supporting 
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Danthonla. A statistical analysis of all samples, however, showed that 
the primary chemical properties limiting the percentage of Kentucky blue-
grass and white clover in the pastures studied were percentage base 
saturation and available phosphorus. On shaly-loam soils, moisture ap­
peared to be limiting to the extent that Kentucky bluegrass and white 
clover could not be maintained even though the chemical properties 
appeared favorable. 
Root depth 
Root growth as well as top growth is a product of heredity and en­
vironment . Weaver (125, 126) reported that there is considerable evidence 
that both soil moisture and soil texture profoundly influence root dis­
tribution in a soil. The effect of soil upon root penetration is shown 
by the tortuous courses pursued by roots and the distortions of the roots 
themselves, also on their modified branching. Several species, including 
grasses, were found to penetrate from two to three feet deeper in a deep 
loam soil than in the same type of soil which was underlaid by a heavy 
clay subsoil. Roots of bluegrass were found to have penetrated to a 
depth of five to seven feet, depending on soil conditions. However, roots 
were abundant in the top two to three feet of the soil. Doss (34), in 
Alabama, reported decreased rooting depths of warm season forage species 
as soil moisture increased. Root concentrations of all species decreased 
with increasing depth. Bennett (10), in Alabama, found the greater por­
tion of the roots of white clover were found in the top nine inches of 
the soil while 70 percent of the roots of the cool season grasses studied, 
except tall fescue, were found in the surface twelve inches. Laraba et al. 
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(66), in Wisconsin, found that root growth of forage species varied with 
soil conditions. Where moisture was adequate, root growth was greater 
on the well drained Miami silt loam and lowest on Plainfield sand. The 
roots of the species studied penetrated deeper in Spencer silt loam having 
poor subsoil conditions, poor internal drainage and high acidity in a dry 
season than during a wet season. Hagen and Peterson (48), in California, 
found that birdsfoot trefoil-grass mixtures extracted moisture from the 
soil to a depth of six feet while Ladino clover-grass mixtures extracted 
moisture primarily from the top four feet of the soil. Alfalfa-grass 
mixtures extracted moisture to a depth of eight feet with the alfalfa 
roots restricted from further extraction by a heavy clay layer in the 
soil. 
Fox et al. (43), in Nebraska, found that Kentucky bluegrass had a 
deep root system in a soil with a favorable supply of plant nutrients at 
all depths in the profile while a shallow root system was found in a soil 
deficient in available phosphorus in the subsoil. Exchangeable potassium 
and soil nitrogen may also have been factors limiting the depth of root­
ing. Low amounts of exchangeable calcium and nitrogen in the surface 
soil were associated with limited root development in the surface horizon 
of another soil. Root branching of western wheatgrass was restricted in 
claypan horizons of two additional soils and was related to severe limita­
tions of available phosphorus. In another profile of one of the same 
soils, root development of smooth bromegrass was not restricted in the 
claypan horizon characterized by a relatively high level of soil phosphorus. 
Kmoch et al. (65), working with winter wheat, showed that rooting depths 
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increased with favorable moisture in the subsoil and that nitrogen 
fertilization increased root growth at all moisture levels and at 
nearly all soil depths. This effect permitted more complete utiliza­
tion of subsoil moisture. There was evidence of moisture depletion to 
a depth of eight feet. Bertrand and Kohnke (11) showed that dense sub­
soils may act as effective barriers to normal root penetration of young 
corn plants. The nature of the barrier is both mechanical and from a 
lack of oxygen. 
Sprague (101) reported that management can change the development of 
roots of some grasses. Root development of redtop was reduced by regular 
mowings at the seven-eighth inch height while the root development of 
Kentucky bluegrass was fully as abundant as that of uncut bluegrass. He 
found a lack of correlation of root development with supply of available 
phosphorus, organic carbon and abundance of lime and suggested aeration 
and physical resistance of the soil as effects on depth of penetration. 
Fehrenbachor et al. (39, 40) found that tillage alone did not influence 
corn root penetration, but that fertilizer^ increased root penetration, 
especially when placed throughout the entire tilled zone. Depth of root 
penetration varied with soil types. On a Cisne silt loam, a pianosol of 
low natural fertility, root penetration was increased from a depth of 
three to a depth of five feet by fertilization. Haas (4?) showed that 
root yields of three species of grass increased with increasing rates of 
nitrogen ranging from 0 to 90 pounds per acre. Yield was also greater 
when phosphorus was applied with nitrogen at the 60 pound rate. 
Janff (61) reported on work from other research workers in attempt­
ing to explain yield reductions of grasses during the summer months. He 
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stated that common permanent pasture grass species have shallow root 
systems when compared to so-called rotation species of grass. The in­
tensity of grazing affects the amount and depth of rooting with lighter 
grazing producing stronger root systems. 
/ 
Pasture Improvement 
Pasture improvement is one of the major areas for increasing ef­
ficiency of production on farms which presently have unimproved permanent 
pasture and livestock to utilize the forage. It is well known that per­
manent bluegrass pastures can be improved and production increased (2, 3» 
72, 96, 103, 110). There are many ways to increase the production of 
permanent pastures. Among them are renovation by introducing drought 
tolerant legumes, lime and fertilizers, reseeding an undisturbed grass 
sod, fertilizing the grass sod, liming, controlling of undesirable vege­
tation and proper grazing management. 
Fertilization 
Fertilization of permanent pastures can increase the yield of dry 
matter as well as change the botanical composition of the sward. Several 
systems of fertilization have been studied by research workers. In the 
humid regions fertilization with phosphorus and potassium has been sug­
gested and used. This system has increased the yield of dry matter by 
increasing the proportion of legume in the sward followed by increases 
in the proportion of grass in the sward. Since 1945, the relatively low 
cost of nitrogen has induced research workers and farmers to use inorganic 
sources of nitrogen for forage grasses rather than on the farm sources. 
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According to Brown et al. (21), in Connecticut, marked improvement 
of vegetative cover in grazed permanent pasture on Paxton loam was ob­
tained within one year after application of super phosphate, by increas­
ing the proportion of bluegrass and white clover at the expense of low 
quality grasses such as poverty grass and shrubs. Treatment with potash, 
plus super phosphate and lime tended to favor white closer, while adding 
nitrogen caused large increases in bluegrass and decreases in clover. 
Super phosphate alone increased pasturage by an average of 60 percent 
/ • 
over the check yields, super phosphate plus lime 100 percent and nitro­
gen, super phosphate, potash and lime by an average of 200 percent. 
Schaller and Pohlman (92) reported that in two tests annual applications 
of forty pounds of phosphate per acre gave the most profitable responses 
on permanent pastures. The treatment resulted in a higher content of 
desirable grass and legume species, primarily bluegrass and white clover. 
Little increase in yield was associated with more frequent applications. 
Foster (42), in Iowa, reported that on a Burchard soil orchardgrass in 
pure stands responded to high rates of phosphorus fertilization. All 
rates of phosphorus increased production of bluegrass in a birdsfoot 
trefoil-Kentucky bluegrass mixture on the same soil. 
Barnes (7) reported that treating pastures in Ohio with limestone and 
phosphorus was accompanied first by a marked increase in the percent of 
legumes followed by a renewal of the bluegrass sod which did not reach its 
optimum until at least the end of the fourth summer after treatment. 
Chamblee et al. (27), in North Carolina, showed that nitrogen applied in 
the spring did not materially affect the amount of white clover in the 
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stand. However, the amount of orchardgrass was approximately three times 
that in the no nitrogen treatments. Dodd (33), in Ohio, reported that 
additions of 50 pounds of nitrogen annually, to either phosphate or phos­
phate and potash treated permanent pasture, gave very good returns. The 
advantage of nitrogen fertilization was small on pastures having heavy 
clover stands. Jones et al. (63), in California, reported that the per­
centage of clovers was reduced by nitrogen fertilization while phosphorus 
increased the percentage of clovers. Nitrogen fertilization increased the 
percentage of desirable grasses. 
Perkins et al. (79) working on bluegrass pastures located on the lime­
stone soils of Virginia reported that phosphorus gave the largest individ­
ual increase in yield of herbage of any plant nutrient studied on all soil 
types. Phosphorus when used alone or with potassium improved decidedly 
the botanical composition of the sod. However, the rate of improvement 
was much slower than when nitrogen was included. Nitrogen, when used 
with phosphorus and potassium, did not depress the amount of white clover 
in the pasture. Fertilizer treatments, where phosphorus was applied 
either with or without nitrogen and potassium, in many instances doubled 
the yield of herbage compared to the untreated check. It also provided 
grazing 5 to 12 days earlier in the spring and trebled the carrying 
capacity of the pasture. 
In summarizing pasture research conducted in Indiana, Mott (72) 
stated that nitrogen was the most important factor limiting growth of 
grasses, particularly where no legumes were present. Inadequate nitrogen 
was the first limiting factor for the growth of grasses in permanent 
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pastures. Nitrogen increased production, particularly during years of 
adequate spring rainfall and where the botanical composition was pre­
dominantly grass. 
Ahlgren et al. (2) reported that the production from permanent 
pastures can be materially and profitably increased 1the use of nitro­
gen fertilizers. It is generally accepted that successively greater 
amounts of nitrogen fertilizers increase the yield of grasses in a pure 
stand (5, 24, 60, 67, 72). In addition to higher yields of dry matter, 
nitrogen fertilization, especially at heavier rates, may increase the 
nitrogen percentage of the forage. Consequently, the per acre yield of 
crude protein may be increased by supplying this element. Bear (8) 
stated that often more than 50 pounds of nitrogen per acre can be applied 
to advantage on permanent pastures, but higher rates increase grass in 
the sward at the expense of clovers. 
Scholl (94) reported a 0.6 ton increase in yield of dry matter per 
acre on bluegrass pastures in southern Iowa by applying 60 pounds of 
nitrogen per acre and an 0.8 ton yield increase from 120 pounds of nitro­
gen per acre. Wedin and Christiansen (128) reporting on later results 
from the same study, obtained a 0.7 ton yield increase from 60 pounds of 
nitrogen per acre and an average of 1.27 tons yield increase from 120 pounds 
of nitrogen per acre. Results for a seven year period on the same experi­
ment show an average of 140 pounds of beef per acre from unimproved blue-
grass pasture and 202 pounds per acre from pasture fertilized with annual 
applications of 60 pounds of nitrogen plus adequate phosphorus. 
Templeton et al. (108), in Kentucky, reported that yields of dry 
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matter from permanent pastures were Increased approximately 0.7 ton from 
180 pounds of nitrogen. Kennedy (64) reported that grass meadows of 
timothy, orchardgrass, bromegrass or quackgrass fertilized with 50 pounds 
of nitrogen per acre averaged nearly a one ton yield increase per acre. 
Applications of only 25 pounds per acre gave small increases. The yield 
increase from meadows that contained chiefly unproductive grasses such 
as poverty grass and weeds was frequently not profitable. Both nitrogen 
fertilized and unfertilized grass meadowy on soils with a pH of 6.2 
yielded about three-fourth ton more hay than meadows on soils with a pH 
of 4.1. Nitrogen increased the root development of orchardgrass which 
means better production in a dry season. 
Walker et al. (124) working on fayette silt loam, determined that the 
optimum rate of fertilizer in 1958 was 152 pounds of nitrogen per acre and 
24 pounds of phosphorus per acre for bluegrass at $0.14 per pound of nitro­
gen, $0.21 per pound of phosphorus and $25.00 per ton of bluegrass. Pre­
dicted yields of bluegrass were 2.035 tons per acre. Rates of fertilizer 
applied ranged up to l60 pounds of nitrogen, 52 pounds of phosphorus and 
66 pounds of potassium per acre. Increasing the rate of nitrogen, phos­
phorus and potassium applied to the grass increased the amounts of 
nutrients in the plant. 
Brown and Munsell (20), in Connecticut, reported that spring applied 
nitrogen gave a 30 percent increase in total yield on grazed permanent 
pastures containing Kentucky bluegrass and Rhode Island bentgrass. Most 
of the additional growth occurred before mid-June. Nitrogen applied in 
the spring and summer resulted in less spring feed but more summer feed 
than when applied in April. The most uniform seasonal distribution of 
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pasturage was obtained by adding nitrogen only in the summer, but returns 
per unit of nitrogen were about half those from spring applications. 
Robinson and Pierre (89), in West Virginia, reported that summer appli­
cations of nitrogen did not give satisfactory increases in yield during 
the summer unless soil moisture was adequate. The plots that received 
part of the nitrogen during the summer produced about the same total 
yield during the seven year period as the plots that received all the 
nitrogen in the spring. The results indicate that summer application of 
nitrogen has a definite place in intensive dairying. During favorable 
summers the nitrogen would help to maintain uniform pasture during the 
season. During unfavorable years the effect of the nitrogen would be 
carried over until growing conditions become more favorable. 
Swift et al. (104) reported that increases in total protein, energy 
and dry matter were evident in relation to the fertilizer treatment. It 
was found that high yield was associated with high quality. A mid-season 
application of nitrogen exerted a definite favorable effect toward in­
creasing the nutritive value of the harvested forage. 
Mulder (?4) reported that, in addition to quantity and quality of 
herbage, seasonal distribution of production is of great importance, 
particularly in pasture. He found reduced growth of grass pastures in 
mid-summer on clay and peat soils even with 420 kg of ammonia nitrogen 
applied per hectare per cutting. Apparently seasonal variations were 
independent of nitrogen supply. Brown and Munsell (19) reported that 
the seasonal growth habit of grasses can be modified markedly by nitro­
gen. The usual zenith period from May 16 to June 15 was postponed a 
20 
month by nitrogen applied at the rate of 56 pounds per acre in June and 
was changed to the period August 16 to September 15 by the same amount 
of nitrogen applied in August. Based on total yields, nitrogen applied 
in April was twice as effective as nitrogen applied in either June or 
August. The effectiveness of nitrogen decreased with repeated treatments 
and increased with increases in length of grasses when cut. Frequent cut­
ting leveled the seasonal peaks and decreased the total yields. Plots 
treated with phosphorus and potassium and having 38 percent volunteer 
white clover, yielded nearly as much as any of those treated with nitro­
gen. Nitrogen and frequent cutting reduced the amount or retarded the 
spread of white clover. 
Vandecaveye (115) in 19^0, reported that in the majority of 1? 
studies reviewed on pasture grasses and hay, a general low level of soil 
fertility was concluded to be the cause of a low content of nitrogen and 
phosphorus in the herbage. According to the results of 60 investigations, 
it appears that applications of nitrogen fertilizer on pasture grass and 
hay can be expected to affect increased percentages of nitrogen in the 
herbage. In the majority of the 10 exceptions noted, the cause for the 
reduced percentage of nitrogen in the herbage or the apparent ineffective­
ness of the nitrogen fertilizer, was traced to small applications or to 
definite unbalanced plant nutrient conditions in the soil. 
Introducing improved species 
Lime and complete fertilizers increased the forage yields of perman­
ent pastures in southeast Minnesota by nearly 56 percent as a three year 
average providing nearly 0.7 ton dry matter per acre increase according 
to Artyr (6), while renovation by introducing alfalfa, sweet clover and 
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bromegrass with lime and complete fertilizer increased yields by 82 
percent providing nearly one ton per acre increase in yield of dry 
matter. 
Thorp (110), in Iowa, reported that reseeding pastures to a mixture 
containing Kentucky bluegrass, Korean lespedeza, red clover, alsike clover 
and sweet clover, liming and fertilizing with phosphorus and potassium re­
sulted in a carrying capacity of 174.9 animal days per acre compared to 
97«8 animal pasture days on the untreated pastures. 
Scholl (94) reported that pastures in Iowa renovated with birdsfoot 
trefoil have consistently produced between two and two and one-half times 
as much beef per acre as unimproved pastures. Wed in and Christiansen 
(128) reported that pastures on the Grundy-Shelby Experimental Farm 
renovated to birdsfoot trefoil have produced an average of 322 pounds of 
beef per acre when grazed by steers compared to 140 pounds of beef per 
acre from unimproved bluegrass pastures as a seven year average. Scholl 
and Wilsie (95) reported beef yields of 215 pounds per acre from renovated 
pastures using Vernal alfalfa and grazed continuously compared to 91 pounds 
from unimproved bluegrass as a three year average. Wedin and Rohweder (130) 
reported beef yields of 260 pounds of beef per acre from renovated pastures 
using Vernal alfalfa and grazed continuously by steers, while pastures 
rotationally grazed yielded 335 pounds of beef per acre. Unimproved 
check pastures on Weller and Lindley soils yielded 108 pounds of beef 
per acre. 
Mott et al. (73) reported that in Indiana renovated pastures produced 
297 pounds of beef per acre as compared to 131 pounds per acre from unim­
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proved bluegrass. 
In evaluating nitrogen fertilized grasses as substitutes for legume-
grass mixtures on southern Indiana soils, Teel et al. (10?) reported that 
200 pounds of nitrogen per acre was needed to produce grass growth com­
parable to the yield of grass-legume mixtures. This amount applied in 
split applications was used more efficiently by the grass. 
Anderson (5), in Kansas, reported that yields of bromegrass forage 
were increased with increasing amounts of nitrogen up to approximately 100 
pounds of nitrogen per acre. Crude protein percentages of the forage were 
not materially increased below 100 pounds per acre; however, crude protein 
percentages were increased by rates of 140 and 200 pounds of nitrogen per 
acre. Metcalfe (71), in Iowa, reported that 80 pounds of nitrogen applied 
to bromegrass in the fall increased forage yields approximately two times 
while spring applied nitrogen increased yields by three times. 
Wagner (121, 122), in Maryland, found that orchardgrass and tall 
fescue responded markedly both in crude protein percentage and yield to 
applications of nitrogen. Both grasses utilized high proportions of the 
applied nitrogen. More total protein was produced in mixtures with legumes 
than by grasses in pure stands fertilized with 160 pounds of nitrogen per 
I 
acre. Distribution of production throughout the season also was superior 
in the mixtures. 
Carter (26), in Iowa, reported that nitrogen fertilization increased 
the dry matter and crude protein yield of pure grass stands. The magnitude 
of this increase depended not merely upon the amount of nitrogen applied, 
but upon the inherent ability of these grasses to use nitrogen fertilizer 
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efficiently. There was not sufficient evidence in this study to conclude 
that either orchardgrass or bromegrass was superior in performance, but 
orchardgrass tended to produce more than bromegrass in most cases. Two 
hundred and forty pounds of nitrogen fertilizer did not produce the max­
imum growth from the grasses under the conditions of this experiment. 
Split applications of 60 pounds of nitrogen per acre, applied in the early 
spring and after the first harvest did not produce consistent increases 
in yield over an early spring application of 120 pounds per acre. There 
was very little difference, in general, between yields of the grasses re­
ceiving 240 pounds of nitrogen per acre and the unfertilized grass-legume 
mixtures under the conditions of this experiment. 
Wedin and Donker (129), in Minnesota, reported that studies comparing 
orchardgrass and bromegrass fertilized with 134 pounds of nitrogen per 
acre per year plus adequate phosphorus and potassium may rate as high in 
crude protein content as legume-grass mixtures. Extra days of grazing 
in May and September was a major advantage of grass fertilized with 
nitrogen. 
Edgerly and Carter (35). in North Dakota, reported that studies com­
paring alfalfa-bromegrass with fertilized bromegrass receiving nitrogen 
at the rate of 133 pounds per acre per year show a yield of 3.2 tons per 
acre for fertilized bromegrass and 2.8 tons per acre from alf alf a-brome­
gras s. The alf alf a-bromegras s pasture provided more uniform production 
throughout the grazing season while fertilized bromegrass pastures pro­
duced more heavily during May and June. They suggested using a combina­
tion of nitrogen fertilized bromegrass for early season grazing with 
24 
alfalfa-bromegrass for midsummer production. 
Heinemann and Van Keuren (59), in Waëiington, compared grass-legume 
mixtures, legumes and grasses under irrigation and found that the highest 
liveweight gains per acre from sheep were obtained from alfalfa and 
alfalfa-orchardgrass. The lowest rate was obtained from orchardgrass 
alone even though high rates and split applications on nitrogen fertil­
izers were used. The daily rates of gain were the same as were the 
livestock grades. Only one death from bloat occurred in the three year 
period. Blaser et al. (l4), in Virginia, reported that tall fescue 
pastures fertilized with 216 pounds of nitrogen per acre produced 411 
steer days of carrying capacity, which was the highest of all species 
and mixtures used. Animals grazing orchardgrass and tall fescue fertil­
ized with nitrogen had slightly higher liveweight gains per acre than 
animals grazing the grasses grown with Ladino-clover and not fertilized 
with nitrogen. However, the average daily gain of animals grazing the 
grasses fertilized with nitrogen was lower than those grazing Ladino-
clover-grass mixtures. 
Wedin (127), in Iowa, reported that steers grazing bromegrass and 
orchardgrass fertilized with 120 pounds of nitrogen per acre produced 
an average of 374 pounds of beef per acre compared to 385 pounds per 
acre for alfalfa-bromegrass pastures. All pastures received adequate 
phosphorus and potassium. Sullivan et al. (102), in Pennsylvania, re­
ported that grass swards of Kentucky bluegrass, common orchardgrass and 
S-37 orchardgrass, fertilized with nitrogen at the rate of 140 to l60 
pounds per acre per year evidence more stable and higher forage production 
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than swards containing alfalfa, Ladino clover or birdsfoot trefoil. 
Significant forage quality differences were not found between the herbage 
of grass-legume and nitrogen fertilized grass by proximate chemical 
analysis. Grass-legume pasture produced higher beef yields per acre 
under grazing, however, the calculated total beef yield per acre from 
forage only was higher from the nitrogen fertilized grass swards. 
Ramage et al. (85), in New Jersey, observed that annual dry matter 
yields per acre of orchardgrass and Reed canarygrass ranged from 2 tons 
with 50 pounds of nitrogen applied per acre to 4.5 tons with 400 pounds 
of nitrogen per acre. The protein percentage of the dry matter ranged 
from 12 to 20 percent as the nitrogen application was increased from 50 
to 400 pounds per acre. The authors attempted to show the economics of 
fertilization of forages and concluded that 100 pounds of nitrogen per 
acre gave the greatest yield of dry matter and protein per pound of 
nitrogen applied. This rate also gave the most efficient return in yields 
on a cost basis. 
An investigation by Harrington and Washko (53) indicated that de­
sirable levels of forage and protein production could be obtained from 
grasses grown alone with nitrogen fertilization, if harvested at a height 
of six to eight inches. They found in this Pennsylvania study that ap­
plications of 100 pounds of nitrogen per acre in the spring produced more 
forage and protein per pound of nitrogen than split applications of 25, 
50 or 100 pound increments. However, they noted that seasonal distri­
bution was better with split applications. 
Thomas and Osenbrug (109), in South Dakota, found that yields of 
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brome grass-ere st ed wheatgrass hay were increased significantly by 
nitrogen and manure. Rates up to 255 pounds of nitrogen per acre were 
applied. Residual effects from applications of nitrogen and manure were 
apparent for three cropping seasons. Nitrogen fertilizer was more effec­
tive than manure in raising the protein content. Total yields of protein 
for the seven years, 1949 to 1955. were approximately doubled through the 
use of fertilizer and increased with increasing rates of nitrogen. Pro­
tein increases were profitable but the increased hay yields did not pay 
the cost of the nitrogen fertilizer. Phosphorus produced significant 
increases in hay yields but not of protein. Low yields of hay were 
associated with high temperatures. 
Robinson and Sprague (90), in Pennsylvania, reported that nitrogen 
fertilization of orchardgrass-Ladino clover mixtures greatly increased 
yields of forage throughout the season, however, the growth rate declined 
rapidly in late August and September. The effect of adding irrigation 
water was obtained in increased yields during July and August. Nitrogen 
fertilization of non-irrigated orchardgrass greatly increased the ef­
ficiency of water utilization during the dry part of the season. 
Carey (24), in Kansas, reported that the nitrogen content of brome­
grass was increased progressively by fertilizing with 0, 100 and 200 
pounds of nitrogen per acre as ammonium nitrate. The application of 300 
pounds per acre produced little additional increase over the 200 pound 
rate. Ammonium nitrate at rates up to 300 pounds of nitrogen per acre 
caused a marked increase in the nitrate content of the crop. Cyanamide 
or Uramon had little effect on nitrate content. Young bromegrass 
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fertilized very heavily with ammonium nitrate may accumulate enough 
nitrate to be toxic to livestock. 
Ahlgren (1) reporting on his review of current literature cited many 
/ 
studies which appear to provide justification for concluding that adequate­
ly fertilized, well-managed rotation pastures are of greater value and use­
fulness than permanent pasture on plowable land in most humid areas of the 
world. He offered the following eight reasons in support of this state­
ment : 
1. The yield obtained from rotation pastures is usually higher and 
production is more dependable and more evenly distributed through­
out the grazing season than that of permanent pastures. 
2. Forage grasses and legumes are highly effective in their utiliza­
tion of the reserves of available fertility in the soil. 
3. Superior forages such as alfalfa, Ladino clover, smooth brome­
grass, orchardgrass and perennial ryegrasses are eventually 
replaced, even when adequately fertilized and properly managed, 
in humid areas by Kentucky bluegrass, Canada bluegrass, Agrostis 
species, certain species of fescue and other less desirable types. 
When this occurs the yields and value of the forage is often re­
duced considerably. 
4. It is only when forages are grown in a rotation in which there 
is an opportunity for periodic renewal of seedings that the 
fullest and most effective use can be made of the superior 
varieties of grasses and legumes that are constantly being pro­
vided by the plant breeder. 
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5. In many of the humid grassland areas, there is considerable 
justification for maintaining types of forages that can be 
harvested for hay or grass silage, grazed by livestock, grown 
for seed or plowed under for green manure. 
6. When plowed, the accumulation of organic matter in the sod 
decomposes and is efficiently utilized by cultivated crops 
such as corn that follows in the rotation. 
7. Certain weeds that are common to pastures are more effectively 
controlled. 
8. Parasites that infest and injure livestock are less prevalent 
in young than in older established pastures. 
He further stated that data available indicates that pastures estab­
lished from seedings in arid regions are likely to be substantially more 
productive than virgin or mature pastures. Reseeding is restricted by 
natural limitations to a greater extent in arid regions, however. 
Ahlgren et al. (2) reported studies on a gently rolling Miami silt 
loam over an 8-year period have shown that, except for seasonal variation, 
there was a marked tendency for yield of dry matter and crude protein 
from bluegrass and other permanent pastures to decrease as the stand in­
creased with age. Yields of dry matter and crude protein were generally 
considerably lower during the second 4-year period of the study. The 
studies show that a grass-legume mixture following a crop sequence of corn 
and oats produced nearly as much pasturage in four years as in six years 
of continuous grazing. Alfalfa-grass pasturage was the most productive. 
In addition to the pasturage, the rotations produced added total digestible 
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nutrients in the form of corn silage. 
Several extensive comparisons of pasture rotations and permanent 
pasture were conducted in Great Britain by Ellison (36, 37) and others 
(29, 57. 86, 87) provide data which suggest that maintaining land in 
pasture for indefinite periods on unproductive, non-erodible cropland 
does not always give maximum returns of pasturage. If maximum yields of 
forage are desired, occasional plowing or renovation followed by adequate 
fertilization and the re-establishment of superior types of grass and 
legume species may be necessary in humid areas where white clover and 
other legumes can not be readily or permanently maintained. 
On the basis of studies conducted in various locations in England, 
Davies and Williams (30) stated that it would appear that the output of 
four-fifths of their permanent pastures would be increased by well over 
50 percent by plowing and reseeding. Shepherd et al. (96) reported that 
generally the orchardgrass-Ladino clover pastures (third, fourth and 
fifth year of a rotation) outyielded the Kentucky bluegrass-white clover 
permanent pastures during dry periods and dry seasons but not during 
seasons of abundant well distributed rainfall. Orchardgrass-Ladino 
pastures yielded 5»3 percent more dry matter and 4.1 percent more total 
digestible nutrients over an average, than Kentucky bluegrass-white 
clover permanent pastures. Seasonal production of dry matter and total 
digestible nutrients followed somewhat the same pattern on both kinds of 
pasture. Bromegrass did not develop in the ground cover as rapidly as 
orchardgrass nor to as great an extent. Bromegrass reached a peak of 
30.5 percent in the third year compared to 41.3 percent for orchardgrass. 
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Weeds occupied a larger area on bromegrass fields compared to orchard-
grass fields. 
Management of Grazing and Clipping 
Management of grazing frequently has a greater influence on the con­
dition of a pasture than any of the other factors of management. Peterson 
(81), in Iowa, obtained 125 pounds of beef per acre by continuous grazing 
of bluegrass pastures at a moderate rate and 144 pounds per acre by grazing 
heavily during the spring and fall with no grazing during two months in 
the summer. But pastures grazed heavily in the spring and summer contained 
progressively more annual weedy grasses as the experiment continued. 
Grazing at full capacity in the spring weakens the sod, decreases ground 
cover and favors establishment of annual weedy species. Grazing at less 
than full capacity in the spring encourages spotty grazing but this result 
may be lessened by turning on earlier in the spring. A good grass cover 
present in mid-summer discourages establishment of weeds. Clipping in 
early July is a valuable aid in controlling weeds and promoting uniform 
grazing. 
Brown (23) reported that overgrazing should be avoided because 
animals cannot get enough nutrients to support profitable production if 
vegetation is too short and valuable pasture plants may be destroyed. 
Since most pastures produce two-thirds of their production during the 
April to July period and since the vegetation deteriorates in quality and 
palatability if not eaten as it grows, most pastures should be grazed 
during periods of flush growth periods to a minimum height that will 
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permit adequate daily consumption of pasturage by the grazing animal. 
It is generally agreed that this should not be shorter than two inches 
for bluegrass and white clover. 
Carrier and Oakley (25), in Virginia, found that heavy continuous 
grazing of bluegrass-redtop pastures, one steer to one and one-fourth 
acres, showed the highest animal gains per acre compared to the highest 
gains per animal from light continuous grazing, one steer per two and 
one-half acres. In addition, the heavily grazed pastures had more uniform 
turf and fewer weeds. They found virtually no advantage for alternate 
grazing over continuous grazing. 
Hein and Cook (58), in Maryland, found that the botanical com­
position of pastures was affected markedly by the system of grazing. 
Light continuous grazing favored the upright-growing species. Canada 
bluegrass, timothy and orchardgrass prevailed over low-growing species 
such as Kentucky bluegrass and white clover. Also weeds were more frequent. 
Workers in Illinois (45, 116) reported that the amount of vegetative 
cover on pastures treated with lime and phosphorus, with regulated grazing, 
was three to four times greater than on land intensively grazed. Run-off 
losses from treated pastures intensively grazed were greater than from 
pastures moderately grazed. Severe grazing and lack of soil treatment 
increased the proportion of undesirable vegetation. Grazing management 
did not significantly affect run-off losses on the untreated plots. Under 
moderate grazing, run-off losses from pastures untreated were greater than 
from pastures which were treated. Haynes and Neal (54), in New Jersey, 
emphasized that grass-legume cover with a reasonable avoidance of 
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overgrazing provides an effective measure of control of erosion and 
water losses. 
In New York, Johnstone-Wallace et al. (62) found that almost complete 
control of erosion and little loss of water, when the soil was not frozen, 
was obtained under conditions of favorable fertility from lime and fer­
tilizers and the inclusion of white clover in the sward. Periodic close 
grazing did not increase erosion or loss of water but did result in in­
creased returns in live weight gains per acre. Under conditions of less 
favorable fertility the pasture swards were somewhat less effective in 
controlling erosion* Tanner and Mamaril (105) reported that animal traf­
fic caused serious compaction of fine textured pasture soils, severely 
decreased porespace open to aeration and caused a 20 percent decrease in 
alfalfa-brome-grass-Ladino clover yields during the first pasture year 
on Ontonegan clay loam. 
Alderfer and Robinson (4), in Pennsylvania, reported that high rates 
of run-off from heavily grazed sites were associated with lack of soil 
cover together with high volume weights and low values for non-capillary 
and total porosity in the 0 to 1 inch surface soil layer. Since storms 
of high intensity are common during the summer months, the authors sug­
gested that water loss due to run-off may be an additional factor con­
tributing to the low yields of closely grazed pastures during mid-summer. 
Management of legume-grass mixtures to maintain a balance of com­
ponents varies with the legume in the mixture. Clipping or grazing fre­
quently may be detrimental to alfalfa stands. Willard (131), in a review 
of alfalfa management, explained that the number of cuttings of alfalfa 
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that can be made for hay depends upon the length of growing season. 
Along parallel 40° and east of the 95th meridian, the length of growing 
season permits three cuttings a year and provides abundant fall growth 
to build up root reserves of carbohydrates for over-wintering and early 
spring growth. More cuttings result not only in decreased yields, but 
also increase the hazard of losing the stand of alfalfa during winter. 
North of this zone, beginning at parallel 43°, the season is too short 
for three cuttings. South of this zone, the longer season permits more 
cuttings. These conclusions were made for hay; however, they may well 
be applied to pasturing alfalfa since new growth starts from crown buds, 
regardless of how the top growth is removed. 
Alfalfa tends to build up reserves of carbohydrates in the roots 
more rapidly under dry conditions (132). Thus, in the semi-arid and arid 
west, it is possible to graze or cut alfalfa more frequently without 
detrimental effects than in the humid east, except in dry years. Fuelleman 
et al. (44), Tysdal (113), Van Horn et al. (118) and Wagner (120) reported 
loss of alfalfa under frequent grazing or cutting of alfalfa mixtures. 
However, allowing early spring growth to go to the hay stage was effective 
in favoring the alfalfa in orchardgrass-Ladino clover-alfalfa pastures 
under rotational grazing in Tennessee (11?). 
Lush et al. (69) suggested that stands of both alfalfa and orchard-
grass could be maintained at least four years with comparatively high 
yields all season when rotational grazing was practiced. Wagner (120) 
maintained best stands of alfalfa-orchardgrass and alfalfa-bromegrass in 
Maryland when first harvests were deferred until June 1 and clipped for 
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the rest of the season when 12 inches high. Clipping at six inches in 
height rapidly reduced vigor and stand of alfalfa in the mixtures. 
Scholl (93) emphasized the importance of good management in forage 
production. The grazing schedules should be geared to using the forage 
when quality was high, with care not to overgraze. Early spring grazing 
of perennial pastures should be avoided if good stands are to be main­
tained. 
Mays and Washko (70), in Pennsylvania, found that yields of birdsfoot 
trefoil-grass pastures could be increased by stockpiling the forage until 
June 15. Stockpiling forage consisted of delaying grazing of pastures 
and allowing the forage to continue growth until specified dates. Dry 
matter yields were increased by one ton per acre with total digestible 
nutrients consumed by the grazing animals increased by nearly 0.4 ton per 
acre. However, a much higher percentage of the pasture produced was con­
sumed under rotational grazing than under stockpiling. 
In California, Peterson and Hagan (82) harvested irrigated birdsfoot 
trefoil-alfalfa and Ladino-grass mixtures at two, three, four and five 
week intervals. As the length of clipping interval increased the yield 
of all mixtures increased. Generally speaking, longer clipping intervals 
contained highest percentages of legume in the harvested forage. Ladino 
clover-grass was the most productive mixture when cut at two week inter­
vals and alfalfa-grass mixtures least productive. Alfalfa became most 
productive at the five week clipping interval with birdsfoot trefoil least 
productive of the three mixtures. Increasing clipping intervals from two 
to five weeks increased the production of Ladino clover-grass, birdsfoot 
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trefoil-grass and alfalfa-grass mixtures 43, 90 and 17? percent respec­
tively. 
Economic Appraisal 
•V« 
Pastures can be improved by several methods which markedly increase 
production per acre. An economic appraisal of pasture improvement is 
essential. Heady et al. (55) determined that pasture yields fluctuate a 
great deal from year to year. The most common methods by which farmers, 
included in the surveys, took these fluctuations into account in handling 
their livestock was to limit their livestock numbers to what they thought 
their pastures could handle in the average or poorer years. Thus, live­
stock numbers on most of these farms were limited by the expected pasture 
yields in the poorest months of the poorest years. For farmers who plan 
their livestock systems in this way, pasture improvement cannot increase 
incomes unless it results in a more uniform seasonal distribution of pro­
duction or reduces the year-to-year variation in production. 
This study showed that 85 percent of the farmers feel that some im­
provement of their permanent pastures would pay. The most frequent 
reasons given for not having made such improvements were lack of capital 
and lack of sufficient livestock to utilize more pasture. Of those who 
gave lack of capital as their main obstacle, less than one-fifth were 
definitely unable to borrow the funds. Of those who lacked livestock to 
utilize more forages, a large number did not increase livestock numbers 
because they felt it too risky. 
Costs for several pasture improvement systems were calculated. When 
36 
all costs over a 20-year period are taken into account, the two systems 
considered to last 20 years (birdsfoot trefoil-orchardgrass and lespedeza) 
appear the least costly. When costs are discounted at the five percent 
rate, the market rate which is applicable for farmers with unlimited 
capital, the two long lived systems still give the lowest cost, but the 
differences between the long lived systems and alfalfa-brome gras s-Ladino 
clover are considerably smaller. When discounting at a 20 percent rate, 
the differences between per year costs of birdsfoot trefoil-orchardgrass 
and alfalfa-bromegrass-Ladino clover are greatly reduced. 
When pasture yields are considered, more acres are required to pro­
duce 1,000 pounds of beef with bluegrass fertilization or the renting of 
unimproved pasture than under other systems of improvement. Without 
discounting costs and returns, income over improvement costs is higher 
for birdsfoot trefoil followed by alfalfa-bromegrass-Ladino clover and 
lespedeza. When costs and income are discounted, renting of unimproved 
bluegrass gave the greatest net labor income at the five percent discount 
rate with alfalfa-bromegrass-Ladino clover second, birdsfoot trefoil and 
fertilized bluegrass have lowest returns. Discounting at a 20 percent rate 
places alfalfa-bromegrass-Ladino clover first, unimproved bluegrass second, 
birdsfoot trefoil and lespedeza third and fourth respectively and fertil­
ized bluegrass in fifth place. 
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EXPERIMENTAL PLANS AND PROCEDURES 
Developments in production economics have supplied techniques for a 
i 
more direct economic interpretation of physical production coefficients 
in present day farming systems. With the advance of technology in agri­
culture, more precise coefficients will be needed in economic interpreta­
tion. These developments and past agronomic experience led to the initi­
ation of this study. The objectives for the study were: 
1. Determine the location of Iowa's pastures with respect to soil 
type, slope, and degree of erosion and summarize the information 
by soil association areas. 
2. Determine the type of vegetation in permanent pastures and study 
the relationship between the type of vegetation and the produc­
tivity of the pasture. 
3. Check the hypothesis that pasture production is correlated with 
soil survey units. 
4. Determine the soil factors primarily responsible for the type of 
vegetation present and the productivity of pastures. 
Experimental Procedures 
Characterization of pasture land 
To better characterize the land in pasture, two samples of 100 
quarter-sections were drawn at random from those quarter sections surveyed 
in the Iowa Statistical Sample Survey.^ The quarter sections were drawn 
Norman Strand, Ames, Iowa. The number of quarter sections for the 
sample. Private communication. I960. 
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from those located in the Shelby-Grundy-Haig, Shelby-Seymour-Edina and 
Weller-Lindley soil association areas and stratified according to the 
percent of the total land area made up by each soil association area. 
Each quarter section was then categorized in relation to the drainage 
pattern of the landscape in order to facilitate interpretation. County 
soil survey reports (31, 32, 38, 49, 50, 68, 75, 76, 77, 78, 84, 99) 
were used to categorize the individuals. 
Aerial photo maps were obtained for each quarter section drawn for 
the sample. Those areas on the map designated as permanent pasture were 
selected for study. Permanent pasture land was defined as that land which 
was under vegetative cover for longer than seven years and which had less 
than 45 percent timber cover. Landscape units in the pasture land were 
delineated. A landscape unit was defined as a parcel of land separated 
from other land by obstacles to modern day equipment, but not necessarily 
to livestock. Obstacles used to delineate the landscape units were 
natural boundaries such as streams, gullies and non-crossable waterways 
and man made obstacles consisting of roads, railroads and fences separat­
ing pasture land from cropland or timber. 
Each landscape unit, and each soil unit (type, slope and erosion) 
within each landscape unit, was planimetered to determine its size. Yield 
potentials were placed on each soil unit based on estimated yield poten­
tials which were available in recent county soil survey reports (32, 84) 
and other material (97). 
Chi square, analysis of variance and linear regression techniques 
were used in the analysis of data. 
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Determining productivity of soils in pasture 
Fifty to sixty percent of the soil in pasture in southern Iowa is 
composed of sloping, upland till soils formed on Kansan till which are 
low to very low in fertility, slow to very slow in permeability and have 
long time yield potentials for corn production of under forty bushels per 
acre. 
Soils selected for this portion of the study were Grundy and Weller 
representing the broad range of soils in the area which were developed 
from Wisconsin age loess and Clarinda and Keswick representing till soils 
formed from Kansan till. 
The Grundy series consists of dark colored soils developed in Wiscon­
sin age loess, under grass vegetation. The soils occur on gentle slopes 
in association with the Haig soils on the broad flats and the Adair and 
Clarinda soils at the boundary between the loess and till. 
The Grundy soils are moderately high in productivity and are gen­
erally low in available nitrogen and phosphorus, medium in available 
potassium and medium to high in organic matter. If not eroded, the sur­
face and subsurface layers are silt loam or silty clay loam 6 to 14 inches 
thick. The subsoil is a firm, slowly permeable silty clay. The soils 
erode easily and run-off is rapid unless proper management is applied. 
The Clarinda series consists of modern soils formed from paleosols under 
grass vegetation. The paleosols were formed on the nearly level surface 
of the Kansan till plain during the Yarmouth-Sangamon inter-glacial age. 
They were then buried under a cover of loess. Many years later, the cover 
of loess was removed by erosion on the side slopes and the Clarinda soils 
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were developed under recent vegetation. Unless severely eroded, these 
soils normally have a moderately dark colored silt loam or light silty 
clay loam surface layer. The B horizon is normally gray to grayish brown 
silty clay mottled with yellowish brown to yellowish red. The soils are 
generally low in available nitrogen, phosphorus and potassium. The sub­
stratum is a heavy silty clay loam to silty clay. Erosion is a serious 
problem on these soils when cultivated. 
The Weller series consists of light colored soils developed in 
Wisconsin age loess under forest vegetation. The soils occur on gently 
sloping ridge tops or on gently rolling slopes. They are associated with 
nearly level Beckwith soils and with undifferentiated timbered Adair 
(Keswick), Clarinda and Lindley soils. 
The Weller soils are moderately well drained to imperfectly drained 
soils that are low in fertility and moderate to low in productivity. If 
not severely eroded, they have a silt loam surface layer 3 to 8 inches 
thick. They are generally low in available nitrogen and phosphorus, medi­
um in potassium and low in organic matter. The subsoil is slowly permeable 
silty clay that restricts movement of air and water. Run-off of water is 
rapid, therefore, the soils erode easily under cultivation. 
The Keswick series consists of light colored soils developed from a 
paleosol under forest vegetation. The paleosol developed on the sloping 
surface of the Kansan till plain during the late Sangamon inter-glacial 
age. The paleosol was buried under loess, many years later, the cover of 
loess was removed by erosion and the Keswick soils were developed on the 
side slopes under recent vegetation. 
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The Keswick soils are sloping, moderately well drained, moderately 
slow to slowly permeable soils. If not severely eroded, the soils nor­
mally have a dark grayish brown loam to silt loam surface. The subsoil 
is normally a strong brown silty clay mottled with shades of red or gray. 
The soils are generally low in available nitrogen, phosphorus and potas­
sium. A layer of small stones and pebbles is generally found in the 
upper part of the profile. Fine gravel, pebbles and coarse sand are gen­
erally found throughout the profile. The substratum is commonly a light 
clay loam. Surface run-off of water is rapid, therefore, erosion is a 
serious problem on these soils. 
Eleven sites were selected on farms in each of two soil association 
areas, Shelby-Grundy-Haig and Weller-Liridley, on which to measure the pro­
ductive potential of the soils. Sites were selected with the help of Mr. 
Allen Heidelbaugh and Mr. Dale Lochridge, soil scientists for the Soil 
Conservation Service. Criteria used in selecting the sites were that they: 
1. must contain two of the soils, either the Grundy and Clarinda 
or Weller and Keswick, 
2. must be in permanent grass pasture, 
3. had not been reseeded in the past 15 years, and 
4. had not received an application of manure or fertilizer. 
The soil profiles of each site used in this study were described with 
the assistance of Mr. Joe Phillips, area extension agronomist. Profile 
descriptions are found in the appendix of this report. 
Nineteen of the 22 sites were used throughout the study. Three sites 
were eliminated because livestock destroyed the plots, vegetative cover 
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did not meet the criteria or the field was plowed by a new renter. 
Sites used in this study are shown in Table 2. 
Table 2. Location of sites used in this study 
Soils County Farms 
Grundy and Clarinda Decatur 
Lucas 
Osceola 
Ringgold 
Wayne 
Weller and Keswick Jefferson 
Monroe 
Van Buren 
Frank Nicholson 
0. L. Edwards 
Iowa State University McNay Farm 
J 
Olin Marquis 
Robert Page 
Iowa State University - Grundy-
Shelby Experimental Farm 
L. G. Kyner 
Dewey Smith3, 
Harvey Chapman 
Bruce Johnston 
Clarence Sirdoreus 
R. T. Gonterman 
Roy Mounts 
Delbert Crawford 
Iowa State University - Albia 
Experimental Farm 
Otto Burchett 
F. C. Elliott 
Miller Blair 
E. W. Schoeni 
*This site used only when estimating vegetative cover. 
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Vegetation survey of sites 
Vegetative cover in the pastures selected for the study was surveyed 
by using the area quadrat method in May 1961. Cover estimations within 
types have been made by several visual methods (28, 46, 112). Point obser­
vation plots or square foot density and percentage area estimation methods 
are useful for dense swards. Both methods allow bias (22), however, visual 
estimation methods provide a satisfactory method for estimating percent 
composition (106, 119)• 
A 2 x 2 foot quadrat divided into six inch squares was used to 
estimate the vegetative cover in this study. Vegetative cover and open 
ground in each six inch square was estimated and summarized into each point 
estimate to provide precision. The pastures were stratified by soil types 
and the number of points surveyed on each type was based on the acreage of 
each soil type found in the pasture. 
Estimated cover was based on the amount of area within each six inch 
square covered by the various species. Vegetative cover data was sum­
marized by economic species (grasses and legumes) and non-economic species 
(weeds, brush and open ground). Analysis of variance techniques were 
used in analysis of these data. 
Fertility treatment 
A technique developed by Mitscherlich and modified by Bray (15, 16) 
was adapted for use in determining the relative productivity of the soils 
for pasture production. The relationship between crop yields, added fer­
tilizer and the amount of nutrients present in the soil have been expressed 
by Mitscherlich through his working equation referred to as the "law of 
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physical relationship" or "effect law of the growth factors". Mitschler-
lich's equation expresses the yield increases in proportion to the amount 
by which the current yield falls short of the maximum yield or A. 
Mitscherlich1s equations are: 
g = (A-Y) c (1) 
dX 
Log (A-Y) = Log A - c (x + b) (2) 
with A as the maximum yield attainable, Y is the yield obtained with in­
creasing levels of x, x is the amount of nutrient applied, b is the amount 
of nutrient present in the field and c is the proportionality factor which 
is assumed to be constant for a nutrient on a crop under all conditions. 
Where there are only two levels of the nutrient and one is calibrated 
to be the maximum amount needed by the crop on all soils, Bray determined 
the formula can be modified as follows: 
Log (A-Y) = Log A - C]bi (3) 
where A represents the yield with the nutrient and Y represents the yield 
without the nutrient applied. The value c^ is again the proportionality 
constant and b^ becomes the amount of nutrient in the soil as determined 
by a soil test. 
When determining the productive potential of a soil, several alter­
natives are available to a research worker. One alternative is to select 
one site on a soil at or near the modal type profile of the soil and sur­
vey the one site well or another alternative is to survey several sites 
over the range of conditions inherent within the soil including differ­
ent fertility levels and use this range of values as the potential for 
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the soil type. To reduce these different fertility levels to a common 
denominator, the yield on the plots with no treatment can be divided by 
the yield of the treated plot and multiplied by 100. In this way all 
yields of the treated plots represent 100 and each adjacent untreated 
yield is expressed as a percentage of that yield. The Mitscherlich 
equation then becomes; 
Log (100 - Y) = Log 100 - C]bi (4) 
where Y is the relative yield of forage on the control plots in percent. 
By plotting the percentage yield values against soil test values for 
total nitrogen a curve closely representing a typical Mitscherlich curve 
or curve of the law of diminishing returns is obtained. 
In order to obtain the data for this analysis, simple one replicate 
fertilizer plots were located on each of eleven sites on each soil type. 
Fertilizer rates applied were none and a combination 160 pounds of nitrogen, 
35 pounds of phosphorus and 32 pounds of potassium per acre on 6 x 6 foot 
plots. The high rate was based on data by Walker (123) to produce 95 per­
cent of the maximum yield of bluegrass. Each experimental area was then 
enclosed with a 4 x 4 wire cage from which the data were collected. The 
plots were harvested twice in 1961, June y and 6 and October 6 to 12. In 
1962 three harvests were taken, May 25 and 26, July 23 to 26 and October 8 
to 16. In order to analyze the data the second and third harvests in 1962 
were combined to coincide with the second harvest in 1961. 
Visual estimates of the vegetative cover were taken at all harvests 
in order to measure the change in vegetative cover due to treatment. 
Qualitative estimates of rooting depths were obtained when describing the 
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profiles. Soil samples were taken throughout the profile. Laboratory 
analyses run on each sample by the. Iowa State University Soil Testing 
Laboratory were nitrifiable nitrogen, available phosphorus, exchangeable 
potassium and pH (52). 
Other analyses run on the soil samples were total nitrogen and cation 
exchange capacity according to procedures as developed by Bremner (1?)^" 
and percent base saturation according to procedures described by Black 
(13). 
The forage was harvested from the plots and dried to a constant 
eight percent moisture and weighed on a 500 gram scale. Samples of the 
vegetation were collected, ground and analyzed for percent nitrogen, 
phosphorus and potassium. 
Precipitation data were recorded by each farmer. In addition, the 
farmer was interviewed about the past management applied to the site field 
and the carrying capacity. 
Regression and analysis of variance techniques were used to analyze 
the data. 
M. Bremner, Ames, Iowa. Determination of total nitrogen and 
cation exchange capacity of soils by the Micro-Kjeldahl method. Private 
communication. 1962. 
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INVESTIGATIONS 
Soils in Pasture 
. y 
General 
The Shelby-Grundy-Haig soil association area is a region of loess 
and drift with mixed topography. The region has a fairly complete net­
work of drainageways. Because of this, there are flat irregular divides 
in the region with much of the uplands dissected by shallow valleys to 
make a rolling topography one of the more important types. Level topo­
graphy found on the flat irregular divides and flood plains along streams 
is the other important type. Hilly uplands border the valleys of the 
larger streams. 
The Weller-Lindley soil association area is part of the same region 
as the Shelby-Grundy-Haig soil association area. The topography is more 
hilly than the adjoining soil area. Hilly to rolling topography bordering 
the level flood plains along streams set the area apart from that of 
the brunizems with which it is associated. Forest cover is another con­
spicuous feature of the area. 
According to the data obtained from the Iowa Statistical Sample, 
24.6 percent of the pasture in the Shelby-Grundy-Haig and Weller-Lindley 
soil association areas occur on 0 to 4 percent slopes as shown in Table 3. 
Most of the soils in pasture, 63.6 percent, occur on slopes of 5 to 17 
percent being about equally divided between 5 "to 8, 9 to 13 and 14 to 17 
percent slope groups. Only 12.8 percent of the pastureland occurs on 
slopes greater than 18 percent. 
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The data show that 44.3 percent of the pasture land has none to 
slight erosion^" probably indicating that much of the area has been under 
vegetative cover for a long time. Most of the soils in this erosion 
category occur on the more level slopes of the region. Another 42.6 per­
cent has moderate erosion generally occurring on slopes of 5 to 17 per­
cent, while only 13 percent of the pasture land is severly or very severly 
eroded or channeled. The more highly eroded soils are found on the steeper 
slopes of the region. 
Low yield potentials are a distinguishing characteristic of the soils 
in pasture of the region. Only 21.8 percent, approximately 220,900 acres, 
of the pasture lands in the region are on the more productive soils with 
estimated corn yield potentials in the range of 55 to 85 bushels per acre. 
Of this amount, approximately 38,760 acres, are soils with estimated 
yield potentials greater than 70 bushels per acre as shown in Table 4. 
Soils of this category are listed in management groupings 1, 2, 2b, 3» 5. 
6, 11a, 31, 34 and 37 of Table 5, as defined by Shrader et al. (98) and 
modified for this study. Several groups as defined by Shrader et al. 
were further bifurcated to describe more fully the conditions found in the 
area and to make the productivity categories more precise. Estimated com 
yield potentials have been used to rate the productivity of the soils be­
cause it is the opinion of the author that more data are available to set 
corn yields for soils in Iowa and to make productivity separations than 
are available for forage crops. 
^Degree of erosion 0, 1, 2, 3, 4, and 5. is described as none, 
slight, moderate, severe, very severe and channeled erosion. 
Table 3» Acres of pasture in various slope and erosion categories in the Shelby-Grundy-Haig and 
Weller-Lindley soil association areas 
Degree of Erosion 
Dxope 
i. 0 1 2 3 . 4 5 Total : * 
0-1 56,322.4 1,615.6 57,938.0 5.71 
2-4 147,670.0 39,832.3 3,447.8 205.0 191,155.1 18.85 
5-8 5,371.5 81,430.0 107,779.9 7,161.8 283.1 202,026.3 19.92 
9-13 37,890.5 137,321.6 34,050.2 3,466.4 1,824.0 214,552.7 21.16 
14-17 41,397.5 111,242.5 60,098.5 5,548.3 233.9 218,520.7 21.55 
18-24 26,029.0 59,041.2 9,609.7 1,748.3 96,428.2 9.51 
25 
~ 
11,978.7 12,972.6 4,813.1 90.5 151.2 
3,368.9 
30,006.1 
3,368.9 
2.96 
0.34 
TOTAL 209,363.9 240,173.6 431,805.6 115,938.3 11,136.6 5,578.0 1,013,996.0 
$ of Total 20.65 23.69 42.58 11.43 1.10 0.55 100# 
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Table 4. Distribution of soils in pasture of the Shelby-Grundy-Haig and 
Weller-Lindley soil association areas by management-productiv-
ity groupings and slope categories* 
Slope percent 
Group 0-1 2-4 5-8 9-13 14-17 18-25 25 Total 
1 609 4,422 3,261 91 8,383 
2 
2b 221 
849 
423 
6,840 
105 
2,989 154 10,832 
749 
3 886 8,100 1,029 10,015 
5a 15 1,829 1,844 
6 4,982 4,982 
7 58 598 53 709 
9 4,061 86 4,147 
11 (a) 
(b) 
19,946 48,141 
976 
723 
18,619 47,988 6,871 1.219 
68,810 
75,673 
12 (a) 
(b) 
12,697 47,245 
5,798 
21,102 
51,313 
308 
125,507 70,169 23,261 
81,352 
276,048 
14 222 75 42 339 
15 1.587 1,175 2,762 
16 (a) 
(b) 19 
8,588 
154 
27,585 
59,892 
599 
118,486 43,730 18,727 3,468 
36,772 
244,476 
17 33 737 660 2,060 3,490 
31 26,693 3,686 30,379 
32 
34 
36 
1,607 
9,668 
1,368 
409 
1,607 
10,077 
1.368 
37 
39 
40 
2,290 
3,930 
72,513 
55,998 1,081 
3,369 
74,803 
61,009 
2,369 
1,013,996 
^Described by Shrader, Slusher and Riecken (98). 
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Table 5« Distribution of soils in pasture of the Shelby-Grundy-Haig, 
Weller-Lindley, and Shelby-Seymour-Edina soil association areas 
lyr management-productivity groupings and slope categories* 
Est. Corn 
Management-productivity grotpings Yield 
Group Description ; Bu/A. 
1 Upland, high fertility, moderately well drained 70-85 
2 Upland, gray brown Podzolic, moderately well drained 54-69 
2b Upland, gray brown Podzolic, poorer drained 54-69 
3 Upland, dark colored soils, need drainage, tile 62-77 
5a Upland soils with slight drouth hazard (5-7" capacity) 62-69 
6 Uplands, soils with moderately slow permeability 62-69 
7 Upland, drouthy soils, 3 to 5-in. water holding capacity 4 27 
9 Prairie clay pan soils 45-69 
11 (a) Upland loess, moderately slow permeability, sloping 62-69 
(b) Upland till, moderately slow permeability, sloping 30-53 
12 (a) Upland loess & colluvial, low fertility, slow 
permeability 36-50 
(b) Upland till, low fertility, slow permeability 27-44 
14 Very drouthy, subject to wind erosion 27-44 
15 Upland, very low fertility, very slow permeability 36-53 
16 (a) Upland, loess very low fertility, very slow 
permeability, sloping . 45-53 
(b) Upland, till & alluvium, very low fertility, very slow 
permeability, sloping 27-44 
17 Stony soils < 27 
31 Bottomland, high fertility, well drained 70-77 
32 Bottomland, poorly drained, medium textured 45-53 
34 Bottomland, dark colored soils, slightly heavy 54-77 
36 Bottomland, gumbo-till 45-53 
37 Colluvial-alluvial, poorly drained in spots 55-77 
39 Channelled 
40 Wasteland 
^Described by Shrader, Blusher and Riecken (98). 
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Soils in this category are generally upland loess or terrace soils, 
medium to moderately fine textured, moderately high to high in organic 
matter, low to medium in available nutrients and permeable to moderately 
permeable. A portion of these soils are slow in permeability and poorly 
drained, thus they are not suited for tile. However, for the most part, 
these soils are located on slopes sufficient to provide adequate surface 
drainage. Nearly all of the soils in this category occur on more level 
slopes, 0 to 8 percent, and generally erosion is none to slight as shown 
in Table 6. Major soils in this productivity category are Haig, Grundy, 
Ladoga, Clinton, Gravity, Colo-Judson, Colo-Zook, Nodaway and Chaseburg-
Nodaway. 
Of the soils in pasture, 12.6 percent, 128,000 acres, have estimated 
com yield potentials in the range of 45 to 55 bushels per acre and are 
listed in management groupings 9, 12a, 15, 16a, 32 and 36. Soils in this 
category are primarily upland loess soils, medium textured, low in organic 
matter, low in available nutrients, and slow to veiy slow in permeability. 
Tile drainage generally does not function well and excessive water is fre­
quently a problem. Prairie and forested pianosols are included in this 
category but make up less than one percent of the soils of the region in 
pasture. The soils generally occur on 0 to 8 percent slopes with some 
soils occurring on 9 to 13 percent slopes. Erosion is primarily none to 
slight with some moderately eroded soils included in the category. Major 
soils in this category are Belinda, Beckwith, Edina, Pershing, Weller and 
Wabash. 
The greatest portion of soils in the region, 59.2 percent or 600,700 
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acres, have estimated corn yield potentials ranging from less than 27 
bushels per acre to 50 bushels of corn per acre. The soils are listed 
in management groupings 7, lib, 12b, 14, 16b and 17. The soils are 
primarily developed from upland Kansan till and occur generally in the 
9 to 25 percent slope groups. Erosion on these soils ranges from slight 
to severe. The soils generally are medium textured if not eroded, low in 
organic matter, low in available nutrients, and slow to very slow in per­
meability. The subsoils are strongly plastic when wet and hard when dry. 
Although the soils occur on fairly steep slopes, seep areas are common. 
Less than one-half percent of the soils in pastures are very drouthy or 
stony. These soils are also included in this category. Major soils in 
this category are Adair, Clarinda, Gosport, Keswick, Lindley, thin solum 
Adair, Shelby-Adair and Shelby-Adair complex. The remaining approximately 
64,400 acres are classed as channelled or waste lands which have limited 
value in pasture production. 
The Shelby-Seymour-Edina soil association area has a landscape and 
topography very similar to the Shelby-Grundy-Haig region. Rolling topo­
graphy is most extensive but only slightly more than level topography. 
Level topography is found on the broad flat inter-stream divides and the 
flood plains along streams. Belts of undulating topography border the 
flat divides whereas hilly uplands lie next to the valleys of the larger 
streams. Rolling uplands fall mainly between these two belts both of 
which are commonly narrow. 
The data show that 26.8 percent of the pasture lands of the area are 
found on 0 to 4 percent slopes, as shown in Table 7, or nearly the same 
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Table 6. Distribution of soils in pasture of the Shelby-Grundy-Haig and 
Weller-Lindley soil association areas by management -productiv­
ity groupings and degree of erosion categories3. 
Degree of erosion 
Group 0 1 2 3 4 5 Total 
1 7,767 477 139 8,383 0.83 
2 
2b 
144 
221 
3,672 
527 
6,418 598 10,832 
748 
1.07 
0.07 
3 10,016 10,016 0.99 
5a 1,844 1,844 0.18 
6 4,982 4,982 0.49 
7 477 231 708 0.07 
9 4,147 4,147 0.41 
lia 
b 
45,370 
14,056 
23,299 
46,271 
140 
15,075 120 151 
68,809 
75,673 
6.79 
7.46 
12a 
b 
433 38,052 
64,516 
40,288 
142,185 
1,912 
60,296 
328 
7,551 
339 
1,499 
81,352 
276,047 
8.02 
27.22 
14 222 75 42 339 0.03 
15 530 2,232 2,762 0.27 
16a 
b 19 
19,748 
49,803 
16,846 
153,824 
154 
37,496 
24 
3,113 221 
36,772 
244,476 
3.63 
24.12 
17 1,166 2,262 62 3,490 0.34 
31 30,379 30,379 2.99 
32 
34 
36 
1,607 
10,077 
1,367 
1,607 
10,077 
1,367 
0.16 
0.99 
0.13 
37 
39 
40 
74,598 
61,009 
205 
3,369 
74,803 
61,009 
?,?69 
1,013,996 
7.38 
6.02 
0.34 
100.00 
^Described by Shrader, Slusher and Riecken (98). 
Table ?• Acres of pasture in various slope and erosion categories in the Shelby-Seymour-Edina soil 
association area 
Degree of erosion 
oxope 
$ 0 1 2 3 4 5 Total * 
0-1 10,542.0 321.2 10,863.2 4.07 
2-4 37,698.2 21,652.7 1,384.7 60,735.6 22.77 
5-8 35,949.4 32,085.3 920.0 43.8 68,998.5 25.86 
9-13 18,673.6 43.440.3 7,120.9 524.2 69,759.0 26.15 
14-17 13.251.7 25.260.3 9.758.6 48,270.6 18.09 
18-24 3.457.6 3,131.8 457.0 7,046.4 2.64 
25 324.0 259.7 
525.5 
583.7 
525.5 
0.22 
0.20 
TOTAL 48,240.2 93.630.2 105.562.1 18.256.5 568.0 525.5 266,782.5 
% of Total 18.09 35.10 39.57 6.84 0.20 0.20 10056 
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as in the Shelby-Grundy-Haig and Weller-Lindley soil association areas. 
The major portion of the pasture land is found on slopes of 5 to 17 per­
cent being nearly equally divided between the 5 to 8, 9 to 13, and 14 to 
17 percent slope groupings. Only 3 percent of the pasture land is located 
on slopes greater than 18 percent contrasted to 12 percent for the Shelby-
Grundy-Haig and Weller-Lindley soil association areas. A greater portion, 
53*2 percent, of the soils have none to slight erosion in the Shelby-
Seymour-Edina soil association area than in the Shelby-Grundy-Haig and 
Weller-Lindley soil association areas. Nearly 40 percent of the pasture 
land has moderate erosion. Generally this is on the 5 to 17 percent 
slopes. Only 7.3 percent of the pasture land is severely eroded to 
channelled compared to 13 percent in the Shelby-Grundy-Haig and Weller-
Lindley soil association areas. 
The range in productivity of soils in the area is not as wide as in 
the Shelby-Grundy-Haig and Weller-Lindley soil association areas, as shown 
in Tables 8 and 9, and, in general, the estimated corn yield potentials 
of soils in this area are not as high. The productive soils of the area 
having estimated corn yield potentials in the range of 55 to 77 bushels 
per acre make up 11.6 percent of the soils in pasture or about 30,900 
acres as shown in Tables 8 and 9, compared to nearly 22 percent in the 
Shelby-Grundy-Haig and Weller-Lindley soil association areas. The soils 
are listed in management groups 1, 3, 9, 31, 34, and 37. Soils in this 
category are medium textured, moderately high to high in organic matter, 
medium to low in available nutrients and range from freely to slowly 
permeable where drainage is generally inadequate. In general, the slowly 
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Table 8. Distribution of soils in pasture of the Shelby-Seymour-Edina 
soil association area by management-productivity groupings 
and slope categories3. 
Slope percent 
Group 0-1 2-4 5-8 9-13 14-17 18-25 25 Total 
1 1,085 1,085 
3 807 807 
9 6,240 39 6,279 
lib 110 2,931 6,774 769 10,584 
12 (a) 935 2,188 78 3,201 
(b) 39 963 9,253 15,717 5,326 583 31,881 
15 321 226 547 
16 (a) 20,216 23,911 44,127 
(b) 1,843 41,826 57,497 25,780 951 127,897 
31 659 659 
34 1,053 1,006 2,059 
37 19,982 19,982 
39 2,589 14,558 17,147 
40 525 525 
266,783 
^Described by Shrader, Slusher and Riecken (98). 
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Table 9. Distribution of soils in pasture in the Shelby-Seymour-Edina 
soil association area by management-productivity groupings and 
degree of erosion categories* 
Degree of erosion 
Group 0 1 2 3 4 5 Total * 
1 1,085 1,085 0.40 
3 807 807 0.29 
9 6,280 6,280 2.35 
lib 2,887 6,430 1,265 10,584 3.97 
12 (a) 1,485 1,472 200 44 3,201 1.20 
(b) 9,825 18,054 3,713 292 31,882 11.95 
15 226 321 547 0.20 
16 (a) 35,975 8,045 106 44,126 16.54 
(b) 43,131 71,560 12,973 233 127,897 47.94 
31 659 659 0.24 
34 2,059 2,059 0.80 
37 19,981 19,981 7.49 
39 17,142 5 17,147 6.43 
40 525 525 0.20 
266,783 100.00 
aDescribed by Shrader, Slusher and Riecken (98). 
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permeable soils in this category make up less than 3 percent of the soils 
of the area in pasture. The soils occur on 0 to 4 percent slopes and are 
not eroded. Major soils found in this category are Edina, Colo-Judson 
and Colo-Zook. 
Soils with estimated com yield potentials in the range of 4-5 to 55 
bushels per acre make up 21.7 percent of the area, 57,900 acres, as shown 
in Tables 8 and 9. These soils are found in management groupings lib, 
12a and 16a. Soils in this category are medium textured and moderately 
high in organic matter if not eroded, low in available nutrients and slow 
to very slow in permeability. The soils occur on 2 to 17 percent slopes; 
however, the 5 to 8 and 9 to 13 percent slope groups predominate. Erosion 
on these soils is slight to severe. Major soils in this category include 
Pershing, Seymour and Shelby. 
The greater portion of the soils in pasture in the area have estimated 
corn yield potentials ranging from less than 27 to 45 bushels per acre. 
This category makes up a greater portion of the soils in pasture in this 
area than in the Shelby-Grundy-Haig and Weller-Lindley soil association 
areas. Of the soils in pasture in the area, 60.0 percent, or 160,300 
acres, are found in this category and are listed in management groupings 
12b, 15 and 16b. Soils in this category are generally formed from upland 
Kansan till, medium textured if not eroded, low in organic matter, low to 
very low in available nutrients and slow to very slow in permeability. 
Slopes are usually sufficient to permit adequate surface drainage but seep 
areas are common and the soils are slow to dry following rains. These 
soils primarily occur on 5 to 25 percent slopes and erosion is generally 
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slight to severe. Major soils found in this category are Adair, Clarinda, 
Keswick, Lindley, thin solum Adair and Shelby-Adair. Soils in pasture 
which are channelled or wasteland make up 6.6 percent of the area and have 
relatively little pasture value. 
Landscape 
Another property of a soil which determines its value in crop and 
forage production is the degree to which modern crop production tech­
nology can be applied effectively. The shape of the landscape is one 
factor which influences the effectiveness of technology. An inventory 
of the pasture land in southern Iowa shows that the greatest acreage of 
pasture on quarter section samples is found in the Shelby-Grundy-Haig 
followed l%y the Shelby-Seymour-Edina and Weller-Lindley soil association 
areas in Table 10. 
Table 10. Inventory of the landscape in permanent pastures in southern 
Iowa 
Soil association area 
Shelby-
Grundy-
Haie 
Shelby-
Seymour-
Edina 
Weller-
Lindley 
Number of 160-aere sampling units 78 54 68 
Total pasture* (acres) 4,516.1 2,872.2 3,062.7 
Pasture per sampling unit (acres) 57.90 53.19 45.04 
Landscape units in pasture* 363 358 305 
Landscape units per sampling unit* 4.65 6.63 4.48 
Av. size of landscape unit (acres) 12.44 8.02 10.07 
a0pen permanent pasture. 
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The largest number of landscape units in pasture was found in the Shelby-
Seymour-Edina soil association area indicating a greater amount of dis­
section of the landscape in pasture compared to both the Shelby-Grundy-
Haig and Weller-Lindley areas. A landscape unit, as previously defined, 
is a parcel of land separated from other land by obstacles to modern day 
equipment, but not necessarily to livestock. Obstacles can be both natural 
and manmade. The size of the landscape unit is also smaller in the Shelby-
Seymour-Edina soil association area. Areas differ significantly in number 
of landscape units per pasture as shown in Table 11. 
Because the soil areas differ significantly in number of landscape 
units per quarter section, it would be helpful to have an indicator 
present in the classifying procedure which can be used to determine the 
number of landscape units in a pasture and, thus, the relative dissection 
of the landscape. The number of soil mapping units in pasture on each 
Table 11. Analysis of variance of the number of landscape units per 
sampling unit by soil association areas 
Source of 
variation 
Degrees of 
freedom Sum of squares Mean square F 
Total 199 2,541.875 - -
Replicates 1 16.245 16.245 n.s. 
Soil association 
areas 2 168.687 84.343 7.58** 
R x A 3 209.107 69.70 6.26** 
Error 193 2,147.836 11.129 
'"'"significant at the .01 probability level. 
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quarter section unit (i.e. 364-3-2) has been suggested as an indicator. 
The association between the number of soil mapping units and the number 
of landscape units is indicated by the coefficients of determination in 
Table 12. 
Table 12. Association between number of soil mapping units and number 
of landscape units as indicated by coefficients of determin­
ation 
2 Soil association area r 
Weller-Lindley .?2 
Shelby-Grundy-Haig .38 
Shelby-Seymour-Edina .15 
The number of individual soil units in a pasture in the Weller-Lindley 
soil association area would be an indicator of the number of landscape 
units in pasture. However, the number of soil mapping units is not good 
indicators in the Shelby-Grundy-Haig and Shelby-Seymour-Edina soil as­
sociation areas. In both of these areas the drainage pattern, number of 
natural or man-made boundaries and the size of pasture also affect the 
number of landscape units, and were used in the delineation of the land­
scape units. 
Numbers of landscape units decrease as the size of the landscape 
unit increases as shown in Figure 1 and Table 13. There were several 
quarter-section sampling units in the random sample which did not have 
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any pasture - five in the Shelby-Grundy-Haig, two in the Shelby-Seymour-
Edina and nine in the Weller-Lindley soil association areas. 
Landscape units varied in size from less than one acre to approx­
imately 124 acres in size; however, between 39.6 and 50.8 percent of the 
units were less than five acres in size. The data show that 50.8 percent 
of the landscape units in pasture of the Shelby-Seymour-Edina soil asso­
ciation area were less than five acres in size followed by Weller-Lindley 
with 46.9 percent and Shelby-Grundy-Haig with 39.6 percent. 
The amount of pasture on a sample unit varies from 0 to l60 acres. 
Pasture areas were placed in categories based on their relation to the 
drainage pattern on the landscape in order to determine reasons for the 
large variation in size of pasture area per sampling unit. The smaller 
acreages of pasture are generally found on sample units located on the 
more level portions of the landscape. Acres devoted to pasture on these 
units are generally found along the upper portion of the drainage pattern 
or they are convenience pastures located close to the buildings. Soils 
included in pasture are the more rolling loess soils and associated soils 
formed from till or paleosols having lower yield potentials for grain 
crops. Large pasture areas were found on sampling units along the lower 
drainage ways and in most cases have either streams or large gullies 
running through the area. Soils included in these pastures are alluvial 
and colluvial soils associated with the drainage way as well as the more 
steep, lower productive soils of the region formed on till and paleosols. 
The sampling units with various amounts of pasture were then placed 
into three size categories - those of 0 to 50 acres, 51 to 80 acres and 81 
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Table 13. Frequency distribution of the number of landscape units in 
various size groupings by soil association areas 
Soil association area 
Size of landscape unit 
Acres 
Grundy-Haig Seymour-Bdina Weller-Lindley 
0-4.9 146 182 148 
5-9.9 76 85 72 
10-14.9 41 35 44 
15-19.9 38 21 12 
20-24.9 26 11 8 
25-29.9 9 10 7 
30 32 14 24 
368 358 315 
Chi square analysis - 37.12** 
""^Significant at the .01 probability level. 
to l60 acres in size. The small and large group coincide with the above 
descriptions. Medium sized pastures are generally found between the small 
and large pastures on the landscape. They are generally located mid-way 
on the drainage pattern in relation to the other sizes of pastures and 
include more of the rolling, less productive soils than the smaller 
pastures. 
The number of landscape units varies inversely with size of landscape 
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Figure 1. Frequency distribution of number of landscape units with size 
of landscape unit by soil association area 
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unit in all three pasture size categories as shown in Table 14 and 
Figure 2. Small landscape units are more prevalent in the small pastures 
while most of the large landscape units are found in the larger pastures. 
And greater numbers of larger landscape units are found in the large pas­
tures of the Shelby-Grundy-Haig soil association area followed by the 
Weller-Lindley and the Shelby-Seymour-Edina soil association areas. 
In general, the productivity of the landscape unit varies inversely 
with pasture size with the landscape units of lowest productivity found 
in the larger pastures as shown in Tables 15 and 16. 
In order to measure the productivity of the landscape units estimated 
potential corn yields were tabulated for each soil unit found in the land­
scape unit. The data were then summarized and a landscape unit was placed 
into two of four groups, if a unit did or did not have 25 percent or more 
of its area with estimated corn yield potentials equal to or greater than 
60, 50 or 40 bushels per acre, or if a unit did or did not have 50 percent 
or more of its area with yield potentials equal to or greater than 60, 50 
or 40 bushels per acre. The acreages were accumulative across yield 
levels so that soils having high yield potentials will be included at 
the lower yield levels. These data were then statistically analyzed by 
the Chi-square method. 
Analysis of the data using 25 percent of the area as the criteria 
for separation is found in Table 15. The distribution of landscape units 
is expressed as a percentage of the total number of landscape units in 
the soil association area. The distribution of landscape units between 
size of pasture areas was not significant at the productivity levels 
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Table 14. Frequency distribution of the number of landscape units in 
various size groupings by soil association areas and pasture 
size 
Number of acres Soil association area 
of pasture per Grundy-Haig Seymour-Edina Weller-Lindley 
sampling unit 0-50 51-80 81-160 0-50 51-80 81-160 0-50 51-80 81-160 
Size of landscape 
unit - acres 
0-4.9 67 19 60 111 44 27 60 62 26 
i.0-9.9 25 18 33 37 26 22 17 30 25 
10-14.9 16 12 13 17 11 7 14 16 14 
15-19.9 12 11 15 3 8 10 2 8 2 
20-24.9 7 12 7 0 7 4 4 2 2 
25-29.9 2 4 3 3 2 5 0 3 4 
30 1 9 22 1 8 5 2 7 15 
E 130 85 153 174 106 80 99 128 88 
Chi square analysis 
138.86** 50.79** 37.44** 
**Significant at the .01 probability level. 
selected for study in the Shelby-Seymour-Edina and Weller-Lindley soil 
association areas. The data reflect the fact that there are a small 
number of soils found in the two areas with estimated potential corn 
yields of 60 bushels per acre or above, a relatively few soils with 
estimated potential yields in the range of 50 to 60 bushels per acre and 
a great number of soils with estimated potential yields under 40 bushels 
68 
240 
200 
-SMALL PASTURES (0 TO 50 AC.) 
•o MEDIUM PASTURES (51 TO 80 AC.) 
* LARGE PASTURES (81 TO 160 AC.) 
z 120 
80 
40 
40 50 755 30 20 10 
A C R E S  I N  L A N D S C A P E  U N I T S  
Figure 2. Frequency distribution of number of landscape units with size 
of landscape unit by size of pasture area 
Table 15. Frequency distribution of numbers of landscape units in pasture having twenty-five 
percent or more of the acreage with estimated long time corn yields numbers expressed 
as percent of column totals 
Corn yields - bushels per acre 
Category > 60 >50 > 40 
Size of pasture - acres 0-50 51-80 81-160 0-50 51-80 81-160 0-50 51-80 81-160 
Grundy-Haig area 
Units > 25# of acreage 40.0 55-3 36.6 42.3 55.3 37.9 62.3 64.? 50.9 
Units < 25# of acreage 60.0 44.? 63.4 57.7 44.6 62.1 37.7 35.3 49.1 
Seymour-Edina area 
Units > 25$ of acreage 23.4 20.4 22.5 33.7 36.9 38.7 36.6 40.8 40.0 
Units < 25# of acreage 76.6 79.6 77.5 66.3 63.1 61.3 63.4 59.2 60.0 
Weller-Lindley area r 
Units > 25# of acreage 13.1 19.7 9.5 18.2 20.4 9.5 47.5 39.4 34.5 
Units < 25# of acreage 86.9 80.3 90.5 81.8 79.6 90.5 52.5 60.6 65.5 
Chi square analysis 
Grundy-Haig 8.23* 6.79* 5*71 n.s. 
Seymour-Edina 1.16 n.s. 0.68 n.s. 0.58 n.s. 
Weller-Lindley 4.54 n.s. 3.78 n.s. 3.29 n.s. 
*Significant at the .05 probability level. 
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per acre. Differences were found between size of pasture areas in the 
Shelby-Grundy-Haig soil association area at the 60 and 50 bushel yield 
level. However, differences were not obtained at the 40 bushel yield 
level. Major soils found in pasture having yields of 60 bushels or above 
in the Shelby-Grundy-Haig area are Grundy, Haig and Colo-Gravity complex 
found in the drainageways in the upper landscape. Additional bottomland 
soils meeting the yield criteria are found in the 51 to 80 acre pasture 
size; thus, the increase in percent of landscape units meeting the 
I 
criteria compared to the 0 to 50 acre pasture size. 
There were lower numbers of landscape units with 50 percent or more 
of the acreage meeting the yield criteria as shown in Table 16. Again 
the distribution of units between size of pasture areas at different 
yield levels was not significant in the Shelby-Seymour-Edina and Weller-
Lindley soil association areas. However, the distribution was highly 
significant in the Shelby-Grundy-Haig soil association area. In general, 
the productivity of the landscape unit decreased as the size of pasture 
area increased, reflecting the increase in amount of the less productive 
soils. Distribution of landscape units did not change between the 60 
and 50 bushel yield level reflecting the very small acreage of soils in 
the area with yield potentials in the 50 to 60 bushel range. 
In general, 28.0 percent of the soils in the landscape units within 
open permanent pastures of the Shelby-Grundy-Haig soil association area 
had yields of 60 bushels or above contrasted to 18.0 percent in the 
Shelby-Seymour-Edina and 12.6 percent in the Weller-Lindley areas. It 
was determined that 28.8 percent of the soils in landscape units of the 
Table 16. Frequency distribution of numbers of landscape units in pasture having fifty percent or 
more of the acreage with estimated long time corn yields numbers expressed as percent of 
column totals 
Category 
Size of pasture - acres 
Corn yields - bushels per acre 
> 60 >50 >4o 
0-50 51-80 81-160 0-50 51-80 81-160 0-50 51-80 81-160 
Grundy-Haig area 
Units 50$ of acreage 
Units < 50$ of acreage 
Seymour-Edina area 
Units > 50$ of acreage 
Units < 50$ of acreage 
Weller-Lindley area 
Units 50$ of acreage 
Units ^ 50% of acreage 
Grundy-Haig 
Seymour-Edina 
Weller-Lindley 
30.0 30.6 
70.0 69.4 
9.7 7.8 
90.3 92.2 
11.8 
88.2 
3.7 
96.3 
30.0 30.6 11.8 
70.0 69.4 88.2 
16.6 20.4 
83.4 79.6 
8.8 
91.2 
8.0 10.6 3.6 9.1 11.4 3.6 
92.0 89.4 96.4 90.9 88.6 96.4 
Chi square analysis 
17.46** 17.46** 
5.72 n.s. 5.50 n.s. 
3.47 n.s. 4.01 n.s. 
42.3 41.2 
57.7 58.8 
24.0 20.4 
76.0 79.6 
30.3 22.7 
69.6 77.3 
23.5 
76.5 
11.2 
88.8 
19.0 
81.0 
,** 
13.35 
5.54 n.s. 
3.36 n.s. 
** Significant at the .01 probability level. 
72 
Shelby-Grundy-Haig soil association area had yields above 50 bushels per 
acre, contrasted to 26.5 percent for the Shelby-Seymour-Edina and nearly 
15.7 percent for the Weller-Lindley areas. The amount of soils in each 
unit with yields above 40 bushels per acre in the Shelby-Grundy-Haig soil 
association area was 39.8 percent, 30.3 percent in the Shelby-Seymour-
Edina area and 32.3 percent in the Weller-Lindley area. Therefore, ap­
proximately 60 percent of the soil in each landscape unit in open per­
manent pasture has yields under 40 bushels in the Shelby-Grundy-Haig, 
70 percent in the Shelby-Seymour-Edina and 68. percent in the Weller-
Lindley soil association area. 
Arrangement of soils within the landscape unit is of interest when 
studying the landscape particularly with reference to the productivity of 
the unit. In general, the soils of very low productivity are located be­
tween the more productive loess soils on the upland and the productive 
alluvial-colluvial soils in the bottomland, drainageways and on terraces. 
Vegetation Survey 
A summary of the vegetative cover found on fouj* soils in southern 
Iowa pastures is found in Tables 17 to 20. A total of 73 sites was. 
surveyed on Grundy silt loam and 75 sites on Clarinda silt loam in nine 
pastures. There were 92 and 93 sites respectively on the Weller silt 
loam and Keswick silt loam soils in eleven pastures. 
Vegetative cover was grouped into six categories - bluegrass (Poa 
species), other grasses, legumes, total economic cover, bare ground and 
and weeds including brush. Each of the economic categories are composed 
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Table 17. Percent of pasture area on the Grundy soils covered with 
economic and non-economic cover including bare ground 
Economic cover Non-economic cover 
r arm 
Blue-
grass 
Other 
grass Legume Total 
Bare 
ground 
Weeds & 
brush 
Page 87.6 8.7 1.4 97.7 1.2 1.1 
Kyner 31.5 35.9 23.0 90.4 8.1 1.5 
Grundy-Shelby exp. farm 81.2 2.8 5.1 89.1 7.4 3.5 
McNay 27.1 20.7 39.8 87.6 3.4 9.0 
Edwards 20.4 19.8 41.2 81.4 13.3 5.3 
Smith 43.5 7.8 24.2 75.5 9.0 15.5 
Hood 24.8 34.4 14.4 73.6 21.9 4.5 
Nicholson 34.3 10.2 27.0 71.5 9.5 19.0 
Pontier 16.5 20.0 10.5 47.0 40.6 12.4 
AVERAGE 40.8 17.8 20.7 79.3 12.7 8.0 
of the following species found when surveying the vegetative cover: 
bluegrass - Kentucky bluegrass (Poa pratensis L.) and Canada bluegrass 
(Poa compressa L.); other grasses - timothy (Phlsum pratense L.), redtop 
(Agrostis alba L.); smooth bromegrass (Bromis inermis L.) and quackgrass 
(Agropyron repens L.) and legumes - white clover (Trifolium repens L.), 
sweetclover (Melilotus alba Desr.) and lespedeza (Lespedeza striata Thumb.)» 
Total economic cover is a summation of all the above categories. Major 
species of weeds and brush found in the survey were ragweed (Ambrosia 
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Table 18. Percent of pasture area on the Clarinda soils covered with 
economic and non-economic cover including bare ground 
Economic cover Non-economic cover 
Farm Blue- Other Bare Weeds & 
grass grass Legume Total ground brush 
Page 73.0 21.6 0.2 94.8 3.3 1.9 
Grundy-Shelby exp. farm 65.4 0.9 21.2 87-5 1.7 10.8 
Kyner 41.9 10.0 27.2 79.1 10.9 10.0 
Hood 31.5 26.5 2.9 60.9 26.6 12.5 
Edwards 6.6 19.2 34.2 60.0 34.5 5.5 
McNay 14.7 22.8 19.5 57.0 24.1 18.0 
Smith 29.1 13.0 12.3 54.4 28.6 17.0 
Nicholson 24.2 16.7 9.1 50.0 30.9 19.1 
Pontier 10.7 23.4 8.1 43.2 37.7 20.1 
AVERAGE 33.0 17.1 15.1 65.2 22.0 12.8 
artemisiifolia L.), triple awn grass (Aristida oligantha Mich.), 
plantain-leaved everlasting (Antennaria plantaginifolia L.), ironweed 
(Vernonia altissima Nutt.), dandelion (Taraxacum officinale Weber), 
sheep sorrel (Rumex acetosella L.) and yarrow ( Achillea millefolium L. ). 
Other weeds found in the survey were black medic (Medicago lupulina L.), 
bull thistle (Circium vulgare Savi Tenore), burdock (Arctium minus 
Bernh.), Canada thistle (Circium arvense L. Scop.), chickweed (Stellaria 
media L. Cyril), curled dock (Rumex crispus L.), daisy fleabane (Erigeron 
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Table 19. Percent of pasture area on the Weller soils covered with 
economic and non-economic cover, including bare ground 
Economic cover Non-economic cover 
Farm Blue-
grass 
Other 
grass Legume Total 
Bare 
ground 
Weeds -
brush 
Crawford 36.8 13.0 23.0 72.8 19.0 8.2 
Albia exp. farm 65.7 6.0 0.0 71.7 25.9 2.4 
Mounts 31.4 2.8 34.2 68.4 13.1 18.5 
Chapman 46.2 11.8 9.0 67.0 24.4 8.6 
Burchett 42.5 19.1 4.0 65.6 25.9 8.5 
Elliott 42.7 20.1 2.1 64.9 24.7 10.4 
Gonteiman 4?.2 9.8 6.4 63.4 31.6 5.0 
Schoeni 29.3 12.4 2.0 43.7 45.5 10.8 
Johnston 30.0 5.3 4.0 39.3 43.8 16.9 
Sirdoreus 34.3 2.2 1.2 37.7 33.2 29.1 
Blair 16.3 14.8 1.5 32.6 47.6 19.8 
AVERAGE 38.4 10.7 7.9 57.0 30.4 12.6 
strigosus Mohl.), yellow foxtail (Setaria lutescens Hubbard), goldenrod 
(Solidago Canadensis L.), mullein (Verbascum thapsus L.), oxeye daisy 
(Chrysanthemum leucanthemum L.), buckhorn plantain (Plantago lanceolata 
L.), bracted plantain (Plantago aristata Michx.). horse nettle (Solanum 
Carolinense L.), horse tail (Equisetum arvense L.), sedge (Carex lupulina 
Sartwell), smartweed (Polygonum Pennsylvanicum L.). vervain (Verbena 
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Table 20. Percent of pasture area on Keswick soils covered with 
economic and non-economic cover, including bare ground 
Economic cover Non-economic cover 
Farm Blue-
grass 
Other 
grass Legume Total 
Bare 
ground 
Weeds -
brush 
Elliott 27.8 3.8 19.2 50.8 26.0 23.2 
Burchett 32.8 12.8 0.5 46.1 44.7 9.2 
Albia exp. farm 27.7 11.0 7.0 45.7 32.7 21.6 
Gonterman 26.6 5.4 2.4 34.4 49.4 16.2 
Chapman 22.0 2.0 4.1 28.1 45.6 26.3 
Schoeni 21.1 3.0 2.1 26.2 55.9 17.9 
Crawford 13.1 2.9 6.0 22.0 62.8 15.2 
Blair 17.6 1.8 0.2 19.6 62.1 18.3 
Sirdoreus 17.3 1.1 0.7 19.1 61.7 19.2 
Mounts 8.8 0.6 5.5 14.9 50.4 34.7 
Johnston 6.2 2.1 6.1 14.4 44.8 40.8 
AVERAGE 20.1 4.2 4.9 29.2 48.7 22.1 
hastata L.), wild rose (Rosa Arkansana Porter), wild violet (Viola spp.), 
and wild parsnip (Pastinaca sativa L.) as well as buckbrush (Symphori-
carpos orbiculatus Moench.). may-apple (Podophyllum peltatum L.), elm 
(Ulmus spp.) and Oak (Quercus spp.) seedlings. 
The most abundant economic species found in southern Iowa pastures 
was Kentucky bluegrass. Other economic species found in sizeable amounts 
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were redtop, timothy, Canada bluegrass and white clover. An average of 
57.7 percent of the pasture area sampled was covered by economic species. 
Soils differed in the amount of economic cover with the amounts generally 
paralleling yields obtained from the soils. Grundy soils had an average 
of 79.3 percent of the area covered with economic species followed by 
Clarinda with 65.2, Weller with 57.0 and Keswick with 29.2 percent. 
Bluegrass made up an average of 40.8 percent of the cover on the Grundy 
soil, 38.4 percent on Weller, 33.0 percent on Clarinda and 20.1 percent 
on Keswick soils. 
An average of 28.4 percent of the ground in pastures was not covered 
by vegetation. This does not mean that there were large areas bare of 
vegetation, but the vegetation present failed to this extent to form a 
denseior perfect stand. A dense sod of Kentucky bluegrass and white 
clover as found in lawns and good pastures was considered a perfect stand 
and used as a standard of comparison. The greatest amount of bare ground 
was found on the Keswick soil with an average of 48.7 percent followed by 
Weller with 30.4, Clarinda with 22.0 and Grundy with 12.7 percent. Weeds 
and brush made up an average of 13.9 percent of the cover. The largest 
area covered by weeds was found on the Keswick soils with an average of 
i 
22.0 percent followed by Weller and Clarinda with over 12 percent and 
Grundy with 8 percent of weeds in the cover. 
The major portion of the weed population on the less productive 
soils was composed of Aristida, Antennaria and Plantago. These weeds are 
commonly found in pastures on soils of very low productivity. Ragweed, 
ironweed and dandelion were plentiful on most sites surveyed. Pastures 
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which had a high amount of economic cover were noticeably lacking in 
weeds. 
Highly significant differences were found between areas and soils as 
shown in Table 21. In the remainder of this report area will refer to the 
Grundy-Clarinda area and the Weller-Keswick area. Loess will refer to 
Grundy and Weller soils and till to Clarinda and Keswick soils. The 
analysis of variance for each component of the cover can be found in 
Tables 49 to 54 in the appendix. 
Table 21. Summary of F values for components of vegetative cover in 
southern Iowa pastures 
Blue-
grass 
Other 
grass Legume 
Total 
economic 
Bare 
ground 
Weeds -
brush 
Area 7.19** 118.80** 112.63** 286.38** 220.69** 43.08** 
Soils 71.08** 24.83** 8.79** 135.80** 74.40** 38.67** 
S x A 23.37** 21.78** n.s. 22.22** 7.85** 4.40* 
Loc/area 7.73** 2.27* 2.57* 4.55** 2.56* 3.16** 
Loc/area la 13.76** 2.82* 3.97** 5.96** 3.81** 3.67* 
Loc/area 2^ 2.91* n.s. n.s. 3.42** n.s. 2.76* 
L/A x S 3.42** 3.47** 4.07** 3.26** 4.49** 2.85** 
aArea 1 is the Grundy-Clarinda area. 
^Area 2 is the Weller-Keswick area. 
^Significant at the .05 probability level. 
""^Significant at the .01 probability level. 
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The percent of pasture area sampled which was covered with economic 
species was over 67 percent greater in the Grundy-Clarinda area than in 
the Weller-Keswick area as shown in Table 22. While all components of 
the economic cover were greater in the Grundy-Clarinda area, greatest 
differences were found in the amount of other grasses and legumes. The 
amount of these two components in the cover were two to three times 
greater in the Grundy-Clarinda area compared to the Weller-Keswick area. 
However, percent of bare ground in the pastures sampled was more than two 
times greater in the Weller-Keswick area. Amounts of weeds and brush in 
the cover were greater in the Weller-Keswick area also. Brush was almost 
non-existent in the Grundy-Clarinda area but was a component of the cover 
in pastures of the Weller-Keswick area. 
Differences in amount of vegetative cover between soils were highly 
significant as shown in Table 23. Amounts of all components of the 
economic cover were greater on soils formed from loess than on soils 
formed from till. The differences in amount ranged from 35 to 49 percent 
Table 22. Percent of pasture area in Grundy-Clarinda and Weller-Keswick 
soil areas covered by economic and non-economic cover in­
cluding bare ground 
Economic cover Non-economic cover 
Other Bare Weeds & 
Area Bluegrass grass Legume Total Ground brush 
Grundy-
Clarinda 36.9 17.4 18.9 72.2 17.4 10.4 
Weller-
Keswick 29.2 7.5 6.4 43.1 39.5 17.4 
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in favor of the loess soils with the largest difference found in the 
bluegrass component. Percent of bare ground on till soils was over 60 
percent greater than on loess soils. Percent of weeds and brush in the 
cover was nearly 70 percent greater on the till soils. 
Composition of the vegetative cover was not the same on a soil type, 
loess or till, over both areas as shown by the soil by area interaction 
in Table 21. Amounts of individual components of the vegetative cover 
differed to a lesser degree between Grundy and Clarinda soils than be­
tween Weller and Keswick soils. Percent of economic species in the 
cover was 14.1 percentage points lower on the Clarinda soil than the 
Grundy soil while percent of economic species in the cover on the Keswick 
soil was 27.8 percentage points lower than on the Weller soil. Bluegrass 
made up nearly one-half of the economic cover on the Clarinda soil and 
two-thirds of the economic cover on the Keswick soil. The remaining 
economic cover was nearly evenly divided between other grasses and legumes 
on both soils. The legume component of the economic cover did not differ 
significantly between soils in either area as shown in Table 21. Bare 
Table 23. Percent of pasture area on loess and till soils covered by 
economic and non-economic cover including bare ground 
Economic cover Non-economic cover 
Soils Bluegrass 
Other 
grass Legumes Total 
Bare 
ground 
Weeds & 
brush 
Loess 39.6 14.3 14.3 68.2 21.5 10.3 
Till 26.6 10.6 10.0 47.2 35-3 17.5 
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ground made up 48.7 percent of the cover of pastures on the Keswick soil 
and only 22.0 percent on the Clarinda soil. Differences between the per­
cent of weeds and brush in the cover did not vary as much between soils 
in each area as did economic cover and therefore was significant only at 
the five percent level. 
Differences in amounts of economic cover in pasture were highly 
significant between locations in all areas as shown in Table 21; however, 
the level of significance in amounts of individual components of the 
cover was greatly different. Differences between percent of bluegrass 
in the cover between locations was significant at the one percent level 
in the Grundy-Clarinda area and the five percent level in the Weller-
Keswick area. Average percent of bluegrass in the cover of individual 
pastures in the Grundy-Clarinda area ranged from 13.5 to 80.0 percent of 
the cover while in the Weller-Keswick area the average percent of blue-
grass ranged from 16.9 to 46.7 percent of the cover. Percent of other 
grasses and legumes in the economic cover did not differ significantly 
between pastures in the Weller-Keswick area but did differ significantly 
in the Grundy-Clarinda area. Significant differences in the amount of 
bare ground were found in the Grundy-Clarinda area with the percent of 
bare ground in the cover in individual pastures ranging from 2.2 to 39.2 
percent. Pastures in the Weller-Keswick area did not differ significantly 
in amount of bare ground. The amount of bare ground was high on all 
sites ranging from 25.3 to 50.7 percent. Differences in percent of weeds 
in the cover of the pastures was significant at the five percent level. 
Percent of weeds in the cover ranged from an average of 1.5 to 26.1 
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percent in the Weller-Keswick area. 
The relationship between components of the cover and the type of 
soil does not hold constant over all locations as shown by the location 
within area by soil interaction in Table 21. Highly significant values 
for all components of the cover were obtained, in the analysis of variance. 
Amount of total economic cover was greater on the loess soils compared to 
the till soils at all locations. In general, percent bluegrass was also 
greater on the loess soils. This relationship was found in all but two 
instances, the Blair site in the Weller-Keswick area and the Kyner site 
in the Grundy-Clarinda area.. The general relationship was not as clear 
cut in the percent of other grasses and percent of legumes. A greater 
percentage, of other grasses was found on the Keswick soils at the Albia 
Experimental farm site and equal or greater amounts of other grasses 
were found on five sites on the Clarinda soil - Edwards, Page, McNay, 
Smith, Nicholson and Pontier. An equal or greater percent of legumes in 
the cover was found on the Keswick soil on four sites - Elliott, Albia 
Experimental Farm, Johnston and Schoeni. Only two sites had greater 
percentages of legumes in the cover on Clarinda soil - Kyner and Grundy-
Shelby Experimental Farm. 
In general, the till soils had greater amounts of bare ground than 
the loess soils at the same sites. Exceptions were the Grundy-Shelby 
Experimental Farm and Pontier sites in the Grundy-Clarinda area. Only 
five sites had equal or greater amounts of weeds and brush on the loess 
compared to till soils. Those sites were the Blair and Sirdoreus sites 
in the Weller-Keswick area and the Page, Edwards and Nicholson sites in 
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the Grundy-Clarinda area. 
The 1961 and 1962 data on percent of individual components in the 
cover of the caged plots have been summarized in Tables 4l to 48 in the 
appendix. Data on the amount of each component in the cover for a soil 
type on fertilized and non-fertilized plots in the spring and fall are 
found in one table. Estimations of the vegetative cover were taken as 
previously described. In all cases the data were taken before each 
harvest. 
In general, fertilization increased the amount of total economic 
cover by increasing the amount of bluegrass and other grasses in the 
cover. Generally the amount of legumes was reduced as was the amount 
of bare ground and weeds as shown in Table 24. Significant differences 
were found in the amount of bluegrass and legumes between areas in 1962 
as well as total economic cover and weeds for both 1961 and 1962 as 
shown in Table 25. Fertilization in 1962 increased the percent of 
Table 24. Change in percent of the various components in the cover 
from fertilization 
Economic cover 
Area 
Other 
Bluegrass grass Legume Total 
Non-economic cover 
Bare Weeds & 
ground brush 
Grundy-Clarinda 
1961 
1962 
+11.6 +14.6 - 9.0 +17.2 -10.6 - 6.7 
+ 9.3 +11.9 -13.5 + 7.7 - 7.4 - 1.7 
Weller-Keswick 
1961 
1962 
+21.1 +12.3 - 5.3 +28.1 -13.7 -14.0 
+21.2 + 6.9 - 3.7 +26.8 -13.2 -13.6 
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Table 25. Summary of significant F values from analysis of variance on 
components of vegetative cover for 1961 and 1962 
Blue- Other Total Bare Weeds -
grass grass Legume economic ground brush 
Area 62** n.s. 62** 61,62** n.s. 61,62** 
Soil 61** n.s. n.s. 61** 61* n.s. 
Time 61** 61,62** n.s. 61,62** 61,62** n.s. 
A x S 62* n.s. n.s. 61,62* 62* n.s. 
A x T n.s. n.s. n.s. 61** 61** 61** 
S x T 61** 62** n.s. 61** n.s. n.s. 
A x S x T 62* 62* n.s. 61** n.s. n.s. 
Loc/Area 61* 61** 62* n.s. n.s. n.s. 
L/A x S n.s. 61,62** 61* 6l**62* 62* 61,62** 
« 
^Significant at the .05 probability level. 
^Significant at the .01 probability level. 
bluegrass and reduced the percent of legumes to a greater extent in the 
Weller-Keswick area than in the Grundy-Clarinda area. In both years 
greater increases in total economic cover were obtained in the Weller-
Keswick area than in the Grundy-Clarinda area. Reductions in the amount 
of weeds in the cover were greater in the Weller-Keswick area also. 
Larger increases in the amount of total economic cover from fertilization 
were obtained on soils formed from till than on soils formed from loess, 
as shown in Table 26. Significant changes were obtained in the amount 
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Table 26. Change in percent of the various components in the cover 
from fertilization 
Soil 
Economic cover Non-economic cover 
Other 
Bluegrass grass Legume Total 
Bare 
ground 
Weeds & 
brush 
Loess 
Till 
1961 
1962 
1961 
1962 
+10.6 +13.6 - 7.2 +15.0 - 5.5 - 9.4 
+14.6 +11.0 - 5.0 +14.4 - 9.7 - 4.7 
+22.3 +15.2 - 7.2 +30.3 -18.8 -11.5 
+15.8 +10.3 - 6.0 +20.1 -10.9 - 9.2 
of the bluegrass and bare ground components as well as total economic 
cover in 1961. Increases in the amount of bluegrass in the cover on till 
soils were more than two times that obtained on loess soils. The same 
trend was observed in total economic cover while the reduction in bare 
ground was more than three times that obtained on loess soils. 
Significant area by soil interactions at the five percent level of 
significance were noted in the bluegrass and bare ground components of 
the cover for 1962 and for total economic cover in 1961 and 1962. Greater 
increases in amount of bluegrass in the cover were obtained on the 
Clarinda and Weller soils than on the Grundy and Keswick soils. De­
creases in the amount of bare ground followed the same relationship. 
Much larger increases in amount of total economic cover were obtained 
on the Keswick soil in the Weller-Keswick area than between soils in the 
Grundy-Clarinda area. The amount of increase in total economic cover was 
greatest on Keswick soil followed by Clarinda, Weller and Grundy soils. 
The amount of increase was 39.6, 20.9, 16.7 and 13.6 percentage points, 
respectively. 
86 
The major increase in amount of economic cover from the application 
of fertilizer occurred in the spring as shown in Table 27. Significant 
differences were obtained in the amount of bluegrass in 1961 as well as 
other grasses, total economic cover and bare ground in both 1961 and 1962, 
as shown in Table 25. A contributing factor for the significant change 
in amount of bluegrass in the fall compared to the spring in 1961 can 
generally be explained as experimental error. Part of the vegetation 
on the treated plots on three sites of Weller soil - Schoeni, Elliott 
and Albia experimental farm - and the Page site on Grundy soil was killed 
following the first harvest in 1961. A cutting height which may have 
been too low combined with hot dry weather immediately following harvest 
could be a cause for the loss of vegetation. This loss of grass on four 
sites can be an explanation for the significant interactions associated 
with bluegrass, total economic species and bare ground in 1961. 
Increase in amount of total economic species in the cover in spring 
from fertilization was greatest on the Keswick soil followed by Weller, 
Table 27. Change in percent of the various components in the cover 
from fertilization 
Economic cover Non-economic cover 
Time of year Bluegrass 
Other 
grass Legume Total 
Bare 
ground 
Weeds & 
brush 
Spring - 1961 
1962 
+24.5 
+12.8 
+16.6 
+17.7 
-10.0 
- 8.9 
+31.1 
+21.6 
-21.3 
-16.6 
- 8.8 
- 5.0 
Fall - 1961 
1962 
+ 8.3 
+17.8 
+10.3 
+ 3.5 
- 4.2 
- 8.3 
+14.4 
+13.0 
- 3.1 
- 4.0 
-11.3 
- 9.0 
87 
Clarinda and Grundy soils. Total economic cover was increased from 
fertilization by 38.8, 33.3, 20.0 and 12.2 percentage points respectively. 
This relationship between soils did not hold in the fall, however. Larger 
increases in economic cover were obtained or maintained until fall on the 
till soils with Keswick having the largest increase of 29.0 percentage 
points followed by Clarinda, Weller and Grundy with 13.0, 8.9 and 3.7 
percentage points, respectively. There was not as great a reduction in 
the percent of bare ground in the fall as in the spring from the appli­
cation of fertilizer. In general, there was less bare ground following 
fertilization, however, on the Keswick soil the percent of bare ground 
made up a greater share of the plot area in the fall. Applying fer­
tilizer essentially removed Aristida and Antennaria from the vegetative 
cover. Part of the area vacated by these weeds was taken up by increased 
growth of economic species; however, increases in bare ground also were 
obtained. 
Estimate of Productivity 
Climate 
Climatic conditions during the period of this study were generally 
favorable for the production of forage with 1961 being the most favor­
able. Above normal precipitation was obtained generally on sites in the 
Grundy-Clarinda area with near normal precipitation received on sites in 
the Weller-Keswick area. Distribution of the precipitation was somewhat 
less than ideal in both areas with below normal amounts of precipitation 
obtained in May and August in the Grundy-Clarinda area and in May, June 
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and August in the Weller-Keswick area. Above normal amounts of pre­
cipitation were received in July and September of 1961 in both areas. 
Mean monthly temperatures during the growing season were generally below 
normal in 1961 with below normal monthly temperatures in all months 
except August. 
In 1962, slightly below normal precipitation was obtained in both 
areas. Below normal amounts of precipitation were obtained in April, 
June and September in the Grundy-Clarinda area and in April, June and 
August in the Weller-Keswick area. Mean monthly temperatures were at 
or slightly below normal for all months except May in 1962 when the 
monthly temperature was 7 to 8 degrees above normal. Temperatures for 
the growing season were, therefore, near normal in 1962. 
Soils 
Sites selected on each soil represented a broad range of conditions 
found within the soils in southern Iowa pastures ; therefore, providing 
information on the relative productivity level and also the range in 
productivity of a soil. Sites selected on the Grundy soil were located 
on slopes of 2 to 4 percent and had an average of 11 inches of surface 
soil with a range of 7 to 14 inches. Gross measurement of the depth of 
root penetration by species in the pasture cover was noted when pits 
were dug to describe the soils. Depth of root penetration on the area 
not fertilized averaged 36 inches on Grundy soil with a range in penetra­
tion of 29 to 40 inches. Distinguishing characteristics were noted on 
two sites. The Kyner site exhibited a tendency toward a columnar 
structure indicating the soil had influences similar to the Edina soil 
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with which it is associated. The surface of the Pontier site appeared 
somewhat more compacted than the other sites possibly reflecting unusual 
pasture management practices in which livestock were turned on the 
pasture before growth started in the spring and before the surface soil 
was sufficiently dried out. 
Sites on the Clarinda soils were selected on slopes ranging from 
6 to 13 percent and had an average of 9 inches of surface with a range of 
4 to 13 inches. Depth of root penetration averaged 24 inches with a 
range of 16 to 36 inches. The site on which root penetration was 36 
inches contained smooth bromegrass in the cover; however, it was not de-
termined if this species accounted for the greater depth of root penetra­
tion. The Clarinda soil on the Kyner site had a surface covering of 6 
inches of loess. Clarinda soil on the Page site graded toward a Shelter 
type soil with 13 inches of surface partially accounting for its higher 
productivity relative to many of the sites. Clarinda selected on the 
Grundy-Shelby Experimental farm site exhibited influences from alluvium 
or gravity like material which has been deposited over time. Due to 
location this site exhibited moisture conditions somewhat higher than 
the other sites which may have been detrimental especially in 1961. 
Eleven inches of surface soil were found on the Hood and Nicholson sites. 
The Hood site is a field which has never been plowed, thereby accounting 
for the higher amount of surface. Weeds common to native areas such as 
wild rose and wild violet were found on the Hood site. Clarinda on the 
Nicholson site was a minimally developed soil also located close to an 
area where deposition could occur, thereby accounting for the relatively 
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deep surface. The Pontier, Edwards and McNay sites were all located on 
gumbo-till and the depth of surface soil ranged from 4 to 8 inches. 
Relatively large amounts of weeds and bare ground were observed on 
the Pontier, Nicholson, Edwards and Grundy-Shelby experimental farm sites. 
Management of grazing could also be a factor on the Nicholson and Pontier 
farms with livestock either turned on very early in the spring or left on 
the pasture all year. Past management was undoubtedly reflected in yields 
obtained during 1961 and 1962. 
Sites on the Weller soils were selected on slopes of 1 to 6 percent 
and had an average of 6 inches of surface soil with a range of 5 to 9 
inches. Average depth of root penetration was 38 inches with a range of 
21 to 52 inches. Weller soil on the Gonterman site approached a brunizem 
type soil having a somewhat darker surface. Moisture relations on the 
Weller soil of the Johnston site appeared to have been interrupted due 
to grading of a road. The site appeared much drier than other sites be­
cause of the interruption of sub-surface drainage. 
Sites on the Keswick soil were selected on slopes of 7 to 18 percent 
and had an average of 6 inches of surface soil with a range of 5 to 7 
inches. Average depth of root penetration was 29 inches with a range of 
15 to 46 inches. 
Sites on the Keswick soil represent a wide range of conditions found 
within the soil type. The Albia experimental farm site had 20 inches of 
loess over the paleosol; therefore, representing the upper portion of 
the range. A seven inch covering of loess was found on the Crawford 
site. Keswick on the Elliott and Schoeni sites could be properly called 
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thin solum Weller soils with the Elliott site considered a thin solum 
Weller over Keswick and the Schoeni site a thin solum Weller over Gosport. 
Keswick on the Burchett site is presently considered Keswick; however, it 
exhibits characteristics similar to a timbered Clarinda; therefore, 
moisture conditions, because of location, were undoubtedly higher than 
what was generally found on the other sites. Keswick on the Johnston 
site is a Lindley-Keswick intergrade with the Blair site a thin solum 
Keswick over Lindley. Keswick soils on the Chapman, Sirdoreus, Gonterman 
and Mounts sites occurred on the paleosol material and were considered 
close to modal type Keswick soils. 
Large amounts of bare ground and weeds were found on both soils of 
the Johnston, Blair and Sirdoreus sites and the Keswick soils of the 
Chapman, Mounts, Crawford, Schoeni and Gonterman sites. Close grazing 
was noted on the Johnston, Chapman and Blair farms. Vegetation on the 
pastures was extremely short during the entire season. 
Yields 
Years, area, soils, treatments and locations within areas all exerted 
significant effects on the yield of weed free dry matter as shown in 
Table 28. Yields of weed free dry matter for each soil are found in 
Tables 29 to 32. Yields of dry matter were 500 pounds per acre higher 
in 1961 than in 1962 with greater differences in yield between years ob­
tained in the Grundy-Clarinda area compared to the Weller-Keswick area. 
An average of 790 and 290 pounds per acre higher yields were obtained in 
the Grundy-Clarinda and Weller-Keswick area respectively in 1961 compared 
to 1962. Yields over the two year period in the Grundy-Clarinda area 
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were 1,460 pounds higher than in the Weller-Keswick area. Average yields 
of dry matter in the Grundy-Clarinda area were 4,400 pounds compared to 
2,940 pounds per acre in the Weller-Keswick area. Yields of weed free dry 
matter on loess soils were 925 pounds per acre higher than on the till 
soils with yields of 4,01? and 3,092 pounds per acre respectively on the 
loess and till soils for the average of two years. 
Applying fertilizer at the rate of 160 pounds of nitrogen, 35 pounds 
of phosphorus and 32 pounds of potassium per acre increased the yield of 
dry matter by 2,960 pounds per acre as a two year average. Average yields 
without fertilizer were 2,075 pounds per acre and 5,035 pounds per acre 
with fertilizer. Fertilization narrowed the difference between the loess 
and till soils in the Grundy-Clarinda area; however, the difference became 
greater in the Weller-Keswick area; thereby, accounting for a significant 
area by soil by treatment interaction. Fertilization gave a 2,710 pound 
per acre yield increase on Grundy, 3»130 pounds on Clarinda, 3,375 pounds 
on Weller and only 2,600 pounds per acre yield increase on Keswick soil 
as shown in Tables 29 to 32. A possible explanation for the greater 
yield increase on Clarinda is that of increased soil moisture, depth of 
surface and a more complete vegetative cover. Sparse vegetative cover 
undoubtedly limited the attainable yield increase on the Keswick soil. 
The large increase in yield from fertilization on the Weller soil in­
dicated that fertility was limiting yields, in addition the potential 
for increased production should be greater than on the Keswick soil. Soil 
moisture measurements were not taken; however, generalizations can be made 
intuitively by considering the location of the soils on the landscape and 
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Table 28. Analysis of variance of forage yields in 1961 and 1962 from 
nineteen farms in two soil areas, on two soils and with two 
treatments 
Source of 
variation 
Degrees of 
freedom Sum of squares Mean square F 
Total 151 640,613,628 - -
Tear 1 9,576,654 9,576,654 27.17 ** 
Area 1 79,367,608 79,367,608 225.20 ** 
Loc/Areas 17 80,459.544- 4,732,914 4.12 ** 
Soils3 1 32,483,232 32,483,232 92.16 •# 
Treatments*3 1 332,635,990 332,635,990 943.84 ** 
S x T 1 708,981 708,981 2.01 n.s. 
A x S 1 86,871 .86,871 - n.s. 
A x T 1 40,872 40,872 - n.s. 
L/A x S 17 39,195,029 2,305,589 2.00 n.s. 
Y x S 1 14,874 14,874 ' - n.s. 
Y x A 1 2,241,603 2,241,603 6.36 * 
Y x T 1 794,172 794,172 2.25 n.s. 
L/A x Y 17 15,056,479 885,675 - n.s. 
A x S x T 1 3,305,497 3,305,497 9.37 ** 
A x S x Y 1 503,465 503,465 - n.s. 
A x T x Y 1 35,811 35,811 n.s. 
S x T x Y 1 121,008 121,008 - n.s. 
L/A X S x Y 17 19,519,884 1,148,228 3.25 ?*. 
A x S x T x Y 1 • 148,539 148,539 - n.s. 
Error 69 24,317,515 352,428 
aLoess vs. till soils. 
^None vs. fertilization with 160 +35 + 32. 
"^Significant at the .05 probability level. 
"""Significant at the .01 probability level. 
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Table 29. Forage yields from Grundy silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre and yield 
of control as percent of fertilized 
Fertilization 
Site Year None 160+35+32* Percent 
Kyner 1961 4,737 6,508 
1962 6,381 9,859 
Av. 5,559 8,183 67.9 
McNay 1961 4,970 7,025 
1962 4.192 7.383 
Av. 4,581 7,204 63.6 
Hood 1961 3,521 7,224 
1962 4,345 6,195 
Av. 3,933 6,709 58.6 
Page 1961 3,980 7,853 
1962 3,425 6.391 
Av. 3,702 7,122 52.0 
Grundy-Shelby 1961 4,065 5,601 
1962 2.806 2,958 
Av. 3,435 4,779 71.9 
Edwards 1961 3,084 7,256 
1962 2.084 5,)88 
Av. 2,584 6,322 40.9 
Pontier 1961 . 2,838 5,954 
1962 1.415 2,319 
Av. 2,126 4,636 45.9 
Nicholson 1961 2,390 5,431 
1962 1.460 2,722 
Av. 1,925 ' 4,577 42.1 
Av. 3,481 6,192 56.2 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 30. Forage yields from Clarinda silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre and yield 
of control as percent of fertilized 
Fertilization 
Site Year None 160+35+32» Percent 
Page 1961 4,449 6,775 
1962 3.424 5.836 
Av. 3,936 6,305 62.4 
Kyner 1961 4,343 6,498 
1962 2.774 6.401 
Av. 3,558 6,449 55.2 
Hood 1961 3,222 7,031 
1962 2,706 5,622 
Av. 2,964 6,327 46.8 
Grundy-Shelby 1961 4,662 6,821 
1962 874 4.533 
Av. 2,768 5.677 48.8 
Pontier 1961 2,038 5,719 
1962 2.401 4.684 
Av. 2,219 5,201 42.7 
Nicholson 1 1961 1,162 5,323 
1962 1.568 4.079 
Av. 1,365 . 4,701 29.0 
Edwards 1961 1,440 6,028 
1962 1,172 4,022 
Av. 1,306 5,030 26.0 
McNay 1961 1,020 4,486 
1962 1.193 4,651 
24.2 Av. 1,106 4,568 
Av. 2,403 5,532 43.4 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 31. Forage yields from Weller silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre and yield 
of control as percent of fertilized 
Site Year 
Fertilization 
None 160+35+32* Percent 
Albia exp. farm 1961 4,609 6,476 
1962 2,925 5,079 
65.2 Av. 3,766 5,777 
Crawford 1961 3,638 6,113 
1962 2.298 4,801 
Av. 2,968 5,457 54.4 
Mounts 1961 3,958 6,978 
1962 1,557 5.452 
Av. 2,757 6,215 44.4 
Elliott 1961 1,610 4,790 
1962 2,029 6.167 
Av. 2,319 5,478 42.3 
Gonterman 1961 1,536 5.324 
1962 1 1.845 6.060 
Av. 1,690 5,642 29.9 
Schoeni 1961 1,504 4,662 
1962 1.141 5,152 
Av. 1,322 4,907 26.9 
Sirdoreus 1961 842 6,188 
1962 1,429 5,213 
Av. 1,140 5,750 19.8 
Burchett 1961 1.237 5,217 
1962 1,01? 3.488 
Av. 1,125 4,352 25.8 
Chapman 1961 1,216 5,036 
1962 895 4,289 
Av. 1,055 4,662 22.6 
Blair 1961 693 3,584 
1962 255 4.866 
Av. 474 4,225 11.2 
Johnston 1961 234 3,926 
1962 671 2,425 
Av. 452 3,675 12.3 
Av. 1,734 5,109 33.9 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 32. Forage yields from Keswick silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre and yield 
of control as percent of fertilized 
Fertilization 
Site Year None 160+35+32* Percent 
Burchett 1961 2,122 5,164 
1962 2.058 
44.3 Av. 2,090 4,719 
Gonterman 1961 1,866 4,567 
1962 1,920 4,715 
Av. 1,893 4,641 40.8 
Albia exp. farm 1961 1,024 5,217 
1962 1.973 ,4.951 
Av. 1,498 5,084 29.5 
Elliott 1961 2,059 3,915 
1962 906 1,252 
56.3 Av. 1,482 2,634 
Schoeni 1961 1,109 4,854 
1962 1.558 4,726 
Av. 1,333 4,790 27.8 
Sirdoreus 1961 875 4,652 
1962 1.429 4,011 
Av. 1,152 4,331 26.6 
Crawford 1961 960 3,585 
1962 810 2,901 
Av. 885 3,242 27.3 
Blair 1961 1,045 3,467 
1962 672 2,24? 
Av. 858 3,408 25.2 
Mounts 1961 639 2,207 
1962 1,056 2,645 
34.9 Av. 84? 2,426 
Chapman 1961 832 3,467 
1962 181 2,456 
Av. 506 3,461 14.6 
Johnston 1961 127 2,656 
1962 223 2,278 
Av. 175 2,517 6.9 
at. 1,156 3,755 30.8 
aPounds per acre of nitrogen + phosphorus + potassium. 
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the relative amounts of moisture available. 
Check plots on Grundy soil yielded an average of 3,480 pounds of dry 
matter per acre and the yields varied from 1,925 to 5,560 pounds per acre, 
while fertilized plots yielded an average of 6,190 pounds and varied from 
4,580 to 8,180 pounds per acre. The high yielding sites without fertilizer 
were also the high yielding sites with fertilizer. Check plots on Grundy 
soil yielded 56.2 percent of the fertilized plots and the Grundy soil was 
the highest yielding soil in the study. 
Check plots on the Clarinda soil yielded an average of 2,400 pounds 
of dry matter and yields varied from 1,110 to 3,940 pounds per acre, while 
average yields from the fertilized plots were 5,530 pounds and varied from 
4,570 to 6,450 pounds per acre. Yields on several Clarinda sites were 
greater than certain of the Grundy sites indicating a fairly high in­
herent potential for forage production on soils in part of the range 
mapped as Clarinda. In general, the sites with high check yields also 
had the highest yields when fertilized. Check plots yielded an average 
of 43.4 percent of the fertilized plots placing Clarinda at a lower 
relative productivity for forage production than Grundy. Yield of the 
fertilized plots was 89.3 percent of the fertilized plots on Grundy soils. 
Check plots of the Weller soil yielded an average of 1,735 pounds 
and yields varied from 450 to 3,765 pounds per acre, while average yields 
from the fertilized plots were 5,110 pounds per acre and varied from 
3,675 to 6,215 pounds per acre. Sites with the highest yielding check 
plots did not always have the highest yielding fertilized plots although 
those which were lowest in check yields were lowest in fertilized yields. 
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Yields of the plots which did not receive fertilizer were 33*9 percent 
of the plots which were fertilized. Absolute yields for the Weller soil 
were lower than for both the Grundy or Clarinda soils. 
Check plots on the Keswick soils yielded an average of 1,155 pounds 
with a range of 175 to 2,090 pounds per acre, while average yields for 
the fertilized plots were 3.755 pounds and ranged from 2,425 to 5,085 
pounds per acre. In general, the sites with the highest yielding check 
plots were also highest yielding when fertilized. This generalization 
did not hold on the Elliott site because much of the economic cover was 
lespedeza which did not respond to the high rate of nitrogen fertilization. 
In general, yields of dry matter as weeds were lowest in 1962 and 
lowest in the Grundy-Clarinda area. Analysis of variance showed sig­
nificant effects of years and areas as shown in Table 33« 
Average yield of dry matter as weeds was 138 pounds per acre lower 
in 1962 than 1961. Yields in the Grundy-Clarinda area were 300 pounds 
per acre lower in 1962. Yields were essentially the same in both years 
in the Weller-Keswick area. Weed yields were 126 pounds per acre lower 
in the Grundy-Clarinda area than in the Weller-Keswick area. Yields of 
weeds on Clarinda soils were 170 pounds lower than on the Grundy soils, 
while yields of weeds on the Keswick and Weller soils were not signifi­
cantly different. Fertilization did not significantly change the yield 
of weeds on the loess soils, but did increase weed yields on the till 
soils by 189 pounds per acre as shown in Tables 34 to 37 « This increase 
I 
in yield of weeds on the till soils was obtained on the Keswick soil with 
a 350 pound per acre yield increase. 
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Table 33. Analysis of variance of weed yields in 1961 and 1962 from 
nineteen farms in two soil areas, on two soils and with two 
treatments 
Source of 
variation 
Degrees of 
freedom Sum of squares Mean square F 
Total 151 34,098,020.2 
Years 1 561,330.0 561,330.0 5.45 
* 
Areas 1 593,804.6 593,804.6 5.77 * 
Loc/Area 17 6,272,132.9 368,948.9 1.26 n.s. 
Soils3 1 27,405.7 27,405.7 - n.s. 
Treatments*3 1 49,068.1 49,068.1 - n.s. 
S x T 1 886,026.6 886,026.6 8.61 ** 
A x S 1 590,770.4 590,770.4 5.74 * 
A x T 1 691.9 691.9 - n.s. 
L/A x S 17 6,931,937.0 407,761.0 1.39 n.s. 
Y x S 1 145,886.2 145,886.2 1.42 n.s. 
Y x A 1 559,404.7 559,404.7 5.44 * 
Y x T 1 669.6 669.6 - n.s. 
L/A x Y 17 4,649,672.0 273,510.1 - n.s. 
A x S x Y 1 7,276.9 7,276.9 - n.s. 
A x T x Y 1 5,604.1 5,604.1 - n.s. 
S x T x Y 1 66,570.6 66,570.6 _ n.s. 
A x S x T 1 758,201.0 758,201.0 7.37 
L / A x S x Y  17 4,993,321.0 293,724.8 2.85 ** 
A x S x T x Y 1 480.3 480.3 - n.s. 
Error 68 6,997,774.0 102,908.4 
aLoess vs. till soils. 
t*None vs. fertilization with l60 + 35 + 32. 
^Significant at the .05 probability level. 
"""Significant at the .01 probability level. 
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Table 34. Weed yields from Grundy silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre 
Fertilization 
Site Year None 160+35+32* 
Kyner 1961 1,419 2,080 
1962 64 5? 
Av. 741 1,061 
McNay 1961 0 0 
1962 64 0 
Av. 32 0 
Hood 1961 139 0 
1962 43 11 
Av. 91 5 
Page 1961 0 0 
1962 43 170 
Av. 21 85 
Grundy-Shelby 1961 693 736 
1962 715 683 
Av. 704 709 
Edwards 1961 0 0 
1962 0 0 
Av. 0 0 
Pontier 1961 0 0 
1962 139 491 
Av. 69 245 
Nicholson 1961 1,707 1,419 
1962 0 245 
Av. 853 832 
Av. 314 368 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 35 • Weed yields from Clarinda silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre 
Fertilization 
Site Year None 160+35+32® 
Page 1961 171 0 
1962 0 106 
Av. 85 53 
Kyner 1961 0 0 
1962 0 74 
Av. 0 37 
Hood 1961 4l6 1.398 
1962 320 160 
Av. 268 779 
Grundy-Shelby 1961 0 0 
1962 52 149 
Av. 26 74 
Pontier 1961 1.163 374 
1962 2^1 0 
Av. 752 187 
Nicholson 1961 0 651 
1962 0 0 
Av. 0 325 
Edwards 1961 0 0 
1962 0 0 
Av. 0 0 
McNay 1961 0 0 
1962 0 0 
Av. 0 0 
Av. 141 182 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 36. Weed yields from Weller silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre 
Fertilization 
Site Year None 160+35+32 
Albia exp. farm 1961 26? 0 
1962 0 4o6 
Av. 133 203 
Crawford 1961 330 0 
1962 213 0 
Av. 271 0 
Mounts 1961 521 533 
1962 959 864 
Av. 740 698 
Elliott 1961 192 842 
1962 448 192 
Av. 320 , 517 
Gonterman 1961 821 0 
1962 87«S 0 
Av. 848 0 
Schoeni 1961 768 213 
1962 800 986 
Av. 784 399 
Sirdoreus 1961 683 0 
1962 181 0 
Av. 432 0 
Burchett 1961 0 0 
1962 320 288 
Av. 160 144 
Chapman 1961 960 394 
1962 0 0 
Av. 480 197 
Blair 1961 501 245 
1962 479 0 
Av. 490 122 
Johnston 1961 693 298 
1962 149 0 
Av. 421 149 
Av. 462 221 
aPounds per acre of nitrogen + phosphorus + potassium. 
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Table 37. Weed yields from Keswick silt loam in southern Iowa pastures 
for 1961 and 1962 in pounds of dry matter per acre 
Fertilization 
Site Year None 160+35+32* 
Burchett 1961 0 0 
1962 0 0 
Av. 0 0 
Gonterman 1961 0 0 
1962 0 0 
Av. 0 0 
Albia exp. farm 1961 0 0 
1962 8£ 288 
Av. 42 144 
Elliott 1961 287 704 
1962 1.365 2,019 
Av. 826 1,861 
Schoeni 1961 107 501 
1962 618 523 
Av. 362 512 
Sirdoreus 1961 971 64 
1962 644 / 192 
Av. 807 228 
Crawford 1961 875 277 
1962 287 843 
Av. 581 560 
Blair 1961 0 1,077 
1962 340 682 
Av. 170 879 
Mounts 1961 0 1,280 
1962 0 0 
Av. 0 640 
Chapman 1961 0 843 
1962 0 0 
Av. 0 421 
Johnston 1961 320 1,600 
1962 1 0 726 
Av. 160 1,163 
Av. 268 574 
aPounds per acre of nitrogen + phosphorus + potassium. 
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One of the objectives of this study was to determine which factors 
of the soil were primarily responsible for the type of vegetation present 
and the productivity of the pasture. Analysis by linear correlation does 
not provide an accurate measure of the effect of the various soil proper­
ties on the botanical composition of the pasture. However, it is possible 
by use of this method to determine which soil factors are limiting. A 
preliminary examination of the data shows that the percent of total economic 
cover is a significant factor in determining yield and productivity of the 
soil in pasture as shown in Table 38. Significant soil factors affecting 
the percent of economic cover were nitrifiable nitrogen, total nitrogen, 
available potassium and cation exchange capacity, (all in the surface six 
inch layer) as well as nitrifiable nitrogen in the upper 24 inches and 
available potassium in the upper 50 inches of the soil as shown in Table 39. 
It should not be inferred that pasture management and climatological fac­
tors, as well as various soil properties affecting depth of root penetra­
tion and air-water relations, did not have an effect on the percent of 
vegetative cover. Climatological differences within an area and between 
areas were not large enough to provide adequate comparison. Management 
differences among sites were not large. Few sites were clipped regularly 
to control weeds and brush. Several of the pastures had been fanned at 
some time prior to 1948; however, the vegetation on those sites was not 
greatly different from that on sites which had been in pasture for longer 
periods of time. Length of grazing season was the factor of the manage­
ment surveyed which exhibited the greatest differences. The shortest 
grazing period was 75 days and the longest was 365 days. In general, 
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Table 38. Association between soil factors and components of the 
vegetative cover and percent yield as indicated by coef­
ficients of determination* 
Component r2
b 
Component r*b 
Depth of surface soil .284 Bare ground percent -.290 
N .306 Total economic cover # .161 
(treated) 
P .212 Bare ground # (treated) — « 102 
K .298 Cation exchange capacity .117 
NP .172 Base saturation percent .109 
NK .389 N x bluegrass .366 
PK .253 N x legumes .138 
N-24 • 315 N x total economic cover .577 
K-50 .247 P x bluegrass .247 
Total N percent .374 P x total economic cover .264 
Bluegrass percent .198 K x bluegrass .288 
Legumes percent .100 K x legume .110 
Total economic cover .446 K x total economic cover .464 
aSoil values for surface six inches unless otherwise stated. 
^Significant at the .01 percent level of probability. 
where grazing periods were longer than 140 days, stocking rates were con­
sidered high, percent of economic species in the cover was low and pro­
ductivity was low. When sufficient growth of forages in the pasture was 
used as a factor to determine the time to begin and end grazing, the percent 
10? 
Table 39. Association between soil factors and the percent of the 
various components in the vegetative cover as indicated by 
coefficients of determination3. 
Percent bluegrass Percent economic cover 
Factor r^ Factor r^ 
N .052* N .102** 
N-24 .168** N-24 .172** 
Total N .052* Total N .229** 
K. .179** K .109** 
K-50 .255** K-50 .107** 
NK .197** NK .132** 
P-50 .103** C.E.C.b .130** 
Percent other grass Percent bare ground 
K .057* N -.211** 
K-50 .065* N-24 -.143** 
C.E.C.b .153** Total N -.230** 
K -.087** 
NK -.131** 
Percent legumes P-50 -.093** 
C.E.C.b .088** 
aSoil values in surface 6 inches unless otherwise stated. 
^Cation exchange capacity. 
""Significant at the .05 probability level. 
^^Significant at the .01 probability level. 
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of economic species, primarily bluegrass, was greater and production was 
greater. 
The amount of nitrifiable nitrogen in the surface six inches of the 
soil on the sites studied ranged from 18 to 143 pounds per acre. Values 
for the Grundy sites ranged from 63 to 132 pounds per acre with an average 
of 97 pounds per acre, Clarinda sites 33 to 143 with an average of 96, 
Weller sites 18 to 115 with an average of 68 and for the Keswick sites 
19 to 130 pounds with an average of 61 pounds per acre. Nitrifiable 
nitrogen in the upper 24 inches of the soil ranged from 64 to 375 pounds 
per acre. Values for the Grundy sites ranged from 132 to 317 pounds 
per acre with an average of 232 pounds per acre. Clarinda 73 to 375 
pounds with an average of 222, Weller 106 to 269 pounds with an average 
of 193 and for the Keswick 64 to 24l pounds with an average of 135 pounds 
per acre. Available potassium in the surface six inches of the soil 
layer ranged from 35 to 400 pounds per acre. Values for the Grundy sites 
ranged from 65 to 400 pounds per acre with an average of 261 pounds per 
acre, Clarinda 84 to 392 pounds with an average of 213, Weller 49 to 400 
pounds with an average of 163 and for the Keswick 35 to 294 pounds with 
an average of 124 pounds per acre. Available potassium in the upper 50 
inches of the soil ranged from 177 to 1,679 pounds per acre. Values for 
the Grundy sites ranged from 350 to 1,241 pounds with an average of 715. 
Weller 271 to 1,679 pounds with an average of 631 and for the Keswick 
sites 177 to 833 pounds with an average of 432 pounds per acre. Total 
nitrogen percentages for the surface six inches ranged from .10 to .48 
percent. Values for the Grundy sites ranged from .26 to .43 percent with 
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an average of .338 percent, Clarinda .17 to .48 with an average of .298, 
Weller .14 to .29 with an average of .199 and for the Keswick sites .10 
to .29 percent with an average of .205 percent. 
The relationships between available phosphorus, pH and percent base 
saturation in the surface six inches of the soil with percent total 
economic cover were not significant as measured by correlation coef­
ficients. The range in values for available phosphorus was 0.50 to 4.20. 
There were two exceptions in which the phosphorus values were greater 
than 4.20. These exceptions were found on Grundy and were 19.00 and 
19.20 pounds per acre. The amount of phosphorus in the upper 50 inches 
of the soil was significantly correlated with percent of bluegrass in 
the cover. 
Available phosphorus in the upper 50 inches of the soil ranged from 
3.50 to 86.40 pounds per acre. Values for the Grundy sites ranged from 
5.50 to 53.10 pounds per acre with an average of 19.8 pounds per acre, 
Clarinda 3.70 to 8.20 with an average of 5.7, Weller 7.20 to 86.40 with 
an average of 33.2 and for the Keswick sites 3.50 to 22.60 pounds with 
an average of 7.1 pounds per acre. Values for pH ranged from 5.1 to 
7.2 and values for percent base saturation ranged from 44.58 to 91.38. 
Mean pH values for the soils studied were Grundy and Clarinda 5.9 and 
Weller and Keswick 5.7. 
In general, soils which had high amounts of economic species in the 
cover had greater amounts of nitrogen and available potassium and pro­
duced higher yields of forage. Soil factors which were significantly 
correlated with percent of economic species in the cover were also 
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significantly correlated with percent yields as shown by data in Table 38. 
Nitrogen in the soil was effective in accounting for yield variation as 
indicated by coefficients of determinations, r^, shown in Table 38. Total 
nitrogen in the surface six inches of the soil was more effective in ac­
counting for yield variation than was nitrifiable nitrogen in the surface 
six inches or the upper 24 inches of the soil. Data in Tables 38 and 40 
show the coefficient of determination for nitrifiable nitrogen in the 
upper 24 inches of the soil to be somewhat larger than for the surface 6 
inches of the soil, indicating that the plants may obtain some nitrogen 
from below the surface six inches, particularly during periods when 
moisture is limiting in the surface. Available potassium in the surface 
six inches appears to be more effective in accounting for yield variation 
than available phosphorus; however, it is hypothesized that the range in 
phosphorus values obtained in this study was probably not large enough 
to fully establish a relationship between phosphorus and percent yield. 
Available potassium in the surface six inches and in the upper 50 inches 
of the soil was effective in accounting for yield variation. Available 
potassium in the surface six inches of the soil was highly correlated 
with available potassium in the upper 50 inches of the soil and had a 
coefficient of determination, r^, of .890. Interactions of available 
potassium with nitrifiable nitrogen and available phosphorus in the sur­
face six inches of the soil were also effective in accounting for yield 
variations on both percent yield and yield of dry matter. Depth of sur­
face soil was significantly correlated with both percent yield and yield 
of forage. 
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Table 40. Association between soil factors and components of the 
vegetative cover and yield of forage (dry matter) as indicated 
by coefficients of determination* 
Component Component / 
Treatment .519 N x bluegrass .139 
Depth of surface soil .119 N x other grass .052 
Precipitation .061 N x total economic cover .224 
N .072 N x bare ground -.088 
P .058 P x bluegrass .069 
K .085 P x other grass .092 
K2 .086 P x total economic cover .087 
NK .096 K x bluegrass .108 
PK .065 K x other grass .092 
N-24" .080 K x total economic cover .190 
K-50" .071 Treatment x bluegrass .351 
Total N percent .118 Treatment x other grass .286 
Bluegrass percent .114 Treatment x legumes .142 
Total economic cover percent.237 
Bare ground percent -.181 
Treatment x total 
economic cover 
Treatment x bare ground 
.428 
.351 
Bluegrass percent (treated) .232 
Other grasses percent 
(treated) 
Total economic cover $> 
(treated) 
Bare ground $ (treated) 
.164 
.611 
-.518 
• 
aSoil values for surface six inches unless otherwise stated. 
^Significant at the .01 level of probability. 
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Positive correlation values for cation exchange capacity and percent 
base saturation with percent yield were obtained but were not obtained 
with yield of forage. 
Percent of economic species in the cover was highly correlated with 
both percent yield and yield of forage. Percent of bluegrass was more 
effective than other components of the cover in accounting for yield 
variations in both percent yield and yield of dry matter. Percent of 
other grasses on the fertilized plots was also effective in accounting 
for yield variability. Several interactions of soil factors in the sur­
face six inches of the soil with components of the cover were significant. 
A high degree of association is shown for interactions of nitrifiable 
nitrogen, available phosphorus and available potassium with both percent 
of bluegrass and percent of total economic cover and percent yield. The 
same interactions had a high degree of association with yield of forage. 
In addition interactions of the same soil factors with percent of other 
grass and yield of forage were significant. 
Applied fertilizer was highly effective in accounting for yield 
variations on yield of forage as shown in Table 40. Interactions of 
treatment with bluegrass, other grasses and total economic cover were 
also highly significant. 
Regression analysis was used to predict the soil factors primarily 
responsible for the productivity of pastures. Factors from the regression 
equations were selected from those factors showing a high degree of 
association with percent yield as shown in Table 38. 
Total nitrogen and available potassium in the surface six inches of 
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the soil and total economic cover were selected for study. 
The following prediction equation contains those terms which were 
highly effective in explaining percent yield variation. 
 ^= 2.01 + 49.1969&L + .0393X5 + .2834x3 (5) 
These variables show an R2 of .61. Total nitrogen, available potassium 
and percent economic cover are X^, Xg and X^ respectively. The three 
factors selected were effective in explaining a large proportion of the 
variability in percent yield; however, it is apparent that several factors 
are involved if the variability in percent yield is to be fully explained. 
114 
DISCUSSION 
The pasture area surveyed in this study is found in 12 counties in 
south central and southeast Iowa and is commonly referred to as the 
southern pasture type of farming area. There are approximately 1,280,780 
acres in pasture in the Shelby-Grundy-Haig, Shelby-Seymour-Edina and 
Weller-Lindley soil association areas which represents 38 percent of the 
open permanent pasture in the state of Iowa. The data indicate that 
there are more acres of pasture on quarter section units in the Shelby-
Grundy-Haig soil association area than in either the Shelby-Seymour-
Edina or Weller-Lindley areas with quarter section units within the 
Weller-Lindley soil association area having the smallest acreage. These 
data do not agree with presently held ideas ; however, the data deal with 
only open permanent pasture. In the Weller-Lindley soil association 
area there is probably more land being grazed on farms; however, a size­
able portion is listed as timber pasture and was not included in the 
study. 
The percent of land in pasture on 0 to 4 percent slopes is nearly 
the same in all cases. Colluvial and alluvial soils make up 71 percent 
of the soil in this slope group of the Shelby-Grundy-Haig and Weller-
Lindley soil association areas and 55 percent of the soil in the Shelby-
Seymour-Edina soil association area. Therefore, there is a greater pro­
portion of the more level upland loess soils in pasture in the latter 
area. These soils occur on portions of or points of ridges running into 
the pasture area from the more level or gently rolling cropland adjacent 
to the pasture. 
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There is a greater percentage of pasture on soils on 5 to 8 per­
cent slopes of the Shelby-Seymour-Edina soil association area than in 
the Shelby-Grundy-Haig-Weller-Lindley soil association areas. However, 
this is not a fair comparison if productivity is considered, because the 
slope group in the Shelby-Seymour-Edina soil association area includes 
more soils formed from paleosols. The landscape of the Shelby-Seymour-
Edina soil association area consists of fairly broad flats of Edina soils. 
Adjacent to the flats are very narrow ridges of 2 to 5 percent Seymour. 
Soils formed from paleosols, i.e. Adair, Clarinda, begin to occur on 5 
to 8 percent slopes. The landscape of the Shelby-Grundy-Haig soil asso­
ciation area is somewhat more rolling with fewer broad flats and the 
more rolling Grundy soils occur down into the 5 to 8 percent slope group. 
While some soils formed from paleosols occur on 5 to 8 percent slopes, 
they generally occur on 9 to 13 percent slopes. In general, the timbered 
soils formed from paleosols in the Weller-Lindley soil association area 
occur on 9 to 13 percent slopes also. Soils formed from paleosols make 
up about two-thirds of the 5 to 8 percent slope group in the Shelby-
Seymour-Edina soil association area and only one-third of the slope group 
in pasture in the Shelby-Grundy-Haig and Weller-Lindley soil association 
areas. 
In the Shelby-Grundy-Haig and Weller-Lindley soil association areas, 
12.8 percent of the soils in pasture are found on slopes greater than 17 
percent, while only 3.1 percent are found in the same slope group in the 
Shelby-Seymour-Edina area. This slope range is generally considered too 
steep for management practices consistent with above average pasture 
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husbandry. 
In all three soil association areas the degree of erosion on soils 
in pasture becomes more severe as the slopes become steeper and a large 
portion of the soils in pasture have none to slight erosion. The por­
tion of the soils which are severly eroded is small with the amount 
being greatest in the Shelby-Grundy-Haig and Weller-Lindley soil associa­
tion areas. In both areas, the largest portion of soils having the most 
severe erosion are the soils formed from paleosols and till which are 
moderately slow to very slow in permeability. The subsoils of these 
soils are very low in fertility. When the surface soil is eroded from 
these soils, productivity is greatly reduced and problems associated 
with management are increased. Vegetative cover usually is less and it 
is more difficult to obtain a seeding, if renovation is desired. 
In general, the soils in pasture in southern Iowa are very low in 
corn productivity. Only 22 percent of the soils in pasture of the 
combined Shelby-Grundy-Haig and Weller-Lindley and 12 percent of the 
soils in the Shelby-Seymour-Edina soil association areas, have estimated 
long-time corn yield potentials of greater than 55 bushels per acre with 
above average management. The soils are on 0 to 8 percent slopes in the 
Shelby-Grundy-Haig and Weller-Lindley areas and 0 to 4 percent slopes in 
the Shelby-Seymour-Edina soil association areas and are generally not 
eroded. Nearly 13 percent of the soils in the combined Shelby-Grundy-
Haig and Weller-Lindley soil association area and 13 percent of the 
soils in the Shelby-Seymour-Edina soil association area have estimated 
corn yield potentials of 45 to 55 bushels per acre. The soils are found 
117 
on 0 to 8 percent slopes and have none or slight erosion in the Shelby-
Grundy-Haig and Weller-Lindley soil association areas while these soils 
are found on 5 to 13 percent slopes and have slight to severe erosion in 
the Shelby-Seymour-Edina soil association area. Approximately 60 percent 
of the soils in the three areas have estimated corn yield potentials of 
less than 45 bushels per acre and are basically soils formed from 
paleosols or till. 
The area in pasture in southern Iowa is cut into many small parcels 
of land which are separated by obstacles to modern farm machinery and 
add to the problems associated with these areas. There is a significantly 
larger number of the small parcels of land or landscape units in pasture 
in the Shelby-Seymour-Edina soil association area than in the Shelby-
Grundy-Haig or Weller-Lindley areas. The data suggest that in the Weller-
Lindley soil association area rational selection of soils for particular 
land uses may not have been practiced to the extent it has in either the 
Shelby-Grundy-Haig and Shelby-Seymour-Edina soil association areas, with 
the greatest selection exercised in the latter area. Natural occurrence 
of soils on the landscape of the Weller-Lindley soil association area 
appear to be expressed in the pasture areas, while greater selectivity 
of soils for land use as pasture is reflected in the data for the Shelby-
Grundy-Haig and Shelby-Seymour-Edina soil association areas. 
According to Simonson et al. (100) the region occupied by the Shelby-
Seymour-Edina and Shelby-Grundy-Haig soil association areas consisted of 
a nearly level plain with few stream valleys after the retreat of the 
Kansas glacier. Lengthening and deepening of stream valleys proceeded 
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for many thousands of years, proceeding more slowly in the fonner region, 
leaving a series of flat interstream divides. Later, with climatic 
changes that accompanied the invasion by the Illinoin and Wisconsin 
glaciers, rapid dissection with much gullying left many new valleys. 
Loess was deposited over the entire region, mainly during Wisconsin time, 
being thinner in the region occupied by the Shelby-Seymour-Edina soil 
association area than in the Shelby-Grundy-Haig area. Consequently, the 
soils formed from paleosols and till with their network of drainage ways 
are found closer to the crest of the slopes or divides in the Shelby-
Seymour-Edina soil association area. Because these soils have more prob­
lems associated with crop production, they have been placed in pasture. 
The land of the Shelby-Seymour-Edina soil association area in pasture 
tends to have more natural and man made obstacles to modern farming 
machinery and, therefore, more landscape units, as defined, because of 
the relatively sharp break between the loess and till soils, the topo­
graphy of the area and the restrictive fences around the pasture. Ad­
ditional study on this relationship for the entire area in all soil 
association areas needs to be conducted. 
Landscape units in this study vary in size from less than one acre 
to 124 acres. The larger landscape units occur on areas which contain 
large acreages of soil having low corn yield potentials. The large units 
frequently lie along deep gullies or streams and are separated from the 
more level ridges which are used for cropland. In several instances 
there is some tree cover on the pasture. In all cases, the number of 
landscape units in pasture varies inversely with unit size. There were 
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51. 47 and 40 percent of the units under 5 acres in size and 72, 70 and 
60 percent of the units under 10 acres in size in the Shelby-Seymour-
Edina, Weller-Lindley and Shelby-Grundy-Haig soil association areas, 
respectively. The number of landscape units under 10 acres in size de­
creases as pasture size increases. There were 78, 62 and 60 percent of 
the landscape units under 10 acres in size in the small, medium and 
large pastures, respectively, with larger numbers of small landscape 
units found in the small pastures. Relatively little difference was 
found between medium and large pasture areas. 
The data indicate that only 30 percent of the landscape units in the 
small and medium pastures of the Shelby-Grundy-Haig areas have 50 percent 
or more of their soils with estimated corn yield potentials of 60 bushels 
per acre or more while only 12 percent of the landscape units of the 
large pastures have 50 percent or more of their soils with yield poten­
tials 60 bushels per acre or above. There were 42, 41 and 23 percent of 
the landscape units in the small, medium and large pastures, respectively, 
of the Shelby-Grundy-Haig area with 50 percent or more of their acreage 
having estimated corn yield potentials of 40 or more bushels per acre. 
These data substantiate the observation that the large size pastures are 
found on areas having larger amounts of soils with low corn yield poten­
tials. 
From 70 to 88 percent of the landscape units in pasture in the 
Shelby-Grundy-Haig soil association area have less than 50 percent of 
their acreage with estimated corn yield potentials of greater than 50 
bushels per acre and 58 to 76 percent of the units in pasture, depending 
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on pasture size, have less than 50 percent of their acreage with greater 
than 40 bushels per acre estimated com yield potential. In the Shelby-
Seymour-Edina soil association area, 93, 85 and 81 percent of the land­
scape units have less than 50 percent of their acreage with estimated 
com yield potentials equal to or greater than 60, 50 and 40 bushels per 
acre, respectively, and in the Weller-Lindley soil association area, 93, 
92 and ?6 percent of the landscape units have less than 50 percent of 
their soils with estimated com yield potentials equal to or greater 
than 60, 50 or 40 bushels per acre, respectively. Therefore, over 
three-fourths of the landscape units in the Shelby-Seymour-Edina and 
Weller-Lindley soil association areas have less than 50 percent of the 
acreage with estimated corn yield potentials greater than 40 bushels per 
acre and over 60 percent of the units have less than 25 percent of the 
acreage with estimated com yield potentials greater than 40 bushels per 
acre. 
Pastures in the Shelby-Seymour-Edina soil association area have a 
greater percentage of small landscape units and have, on the average, 
more acres with estimated corn yield potentials under 40 bushels per 
acre followed by the Weller-Lindley and the Shelby-Grundy-Haig soil 
association areas. 
The data indicate that the number of landscape units in pasture with 
sizeable acreages of soils having estimated corn yield potentials over 
50 bushels per acre is rather small and that in general the range in pro­
ductivity of soils in a landscape unit may be very large. In general, 
most soils in the landscape units in pasture of the three soil association 
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areas have estimated corn yield potentials under 40 bushels per acre 
with the largest acreages in the Shelby-Seymour-Edina and Weller-
Lindley soil association areas. 
Vegetative cover on the pastures was surveyed in May of 1961 follow­
ing two years of normal to above normal precipitation and normal to 
slightly below normal seasonal temperatures. This probably will account 
for the relatively high percentage of legumes, primarily white clover, 
in the cover on the pastures. Bluegrass, other grasses, legumes and 
total economic cover increased as the general productivity of the soil 
increased. Largest amounts of each factor in the economic cover were 
obtained on the Grundy soil followed by Clarinda, Weller and Keswick in 
that order. One exception was noted. The percentage of bluegrass on 
the Weller soil was greater than Clarinda. Amount of weeds and bare 
ground in the cover varied inversely with the general productivity of 
the soil with greatest amounts of each factor found on the Keswick soil 
followed by Weller, Clarinda and Grundy, in that order. Once exception 
was noted in that there was nearly the same or a slightly greater amount 
of weeds on Clarinda compared to Weller. 
Similar trends in composition of the cover were found on individual 
plots within the area. Exceptions were noted in percentage of legumes. 
In general, where the percentage of legumes was greater on the till com­
pared to the loess soils the amount of grasses, primarily bluegrass, was 
low. There was a considerable amount of lespedeza in the cover on the 
Keswick soil of the Elliott site which was not present on Weller. 
Moisture conditions appeared more favorable on the till soil compared to 
the loess soil on the Johnston, Kyner and Grundy-Shelby experimental 
farm sites. 
In general, fertilization with a combination of nitrogen, phosphorus 
and potassium increased the percentage of total economic species in the 
cover and reduced the amount of open ground and weeds in both 1961 and 
1962. The percentage of grass in the cover was increased by the appli­
cation of fertilizer and the percent of legumes in the cover was reduced. 
This is in general agreement with what has been reported by other workers. 
The percent of economic species in the cover on the various sites 
within a soil type was less uniform on the unfertilized plots with 
greater variation on the Weller and Keswick soils than on the Grundy 
and Clarinda soils. Fertilization improved the uniformity in amount of 
economic species in the cover among sites with the smallest differences 
among sites found on the loess soils, Grundy and Weller, and the ^largest 
differences on Keswick, a soil formed from till. These loess soils, as 
presently described and mapped, are less variable in properties than are 
the till soils used in this study. When fertility differences are cor­
rected, the cover among sites of a loess soil will tend to be more uni­
form. Differences in the cover will primarily reflect differences in 
management. Cover on the till soils will remain less uniform because 
of the broader range in soil properties found within a soil type. How­
ever, future developments in redefining the till soil types may alter 
this situation. 
Changes in vegetative cover obtained in this study reflect the 
changes occurring from one year of fertilization with a relatively high 
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rate of a complete fertilizer at two different locations on each soil 
within a site. The data do not show whether longer periods of treatment 
would sufficiently improve the cover of economic species to make treat­
ment through fertilization a recommended practice, although the data do 
show that the amount of economic species in the vegetative cover can be 
increased up to 6 times through fertilization in one year. Additional 
study needs to be conducted on the relative merits of improving the 
cover on the soils with lower yield potentials through fertilization 
versus improvement through reseeding with drouth tolerant legumes and 
grasses. Hazards involved with seedbed preparation and seeding estab­
lishment will undoubtedly be greater on soils such as Keswick and 
Clarinda, compared to Grundy or Weller soils. The soils formed from 
till selected for this portion of the study are representative of a 
large proportion of the soils in pasture in southern Iowa. 
In general, yields of forage were highest on sites having the 
greatest amounts of total economic cover and decreased as the percent of 
cover decreased. Yields were highest on the Grundy soils followed by 
Clarinda, Weller and Keswick soils. Forage yields from the unfertilized 
plots of Clarinda soils were 69 percent of the unfertilized plots on the 
Grundy soil while unfertilized plots on Weller and Keswick soils yielded 
only 49 and 33 percent of Grundy, respectively. Fertilization increased 
the yields of forage on all soils and narrowed the difference among soils 
used in the study. Forage yields from the fertilized plots on the 
Clarinda soil were 89 percent of those obtained on the fertilized plots 
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of the Grundy soil while fertilized plots on Weller and Keswick soils 
yielded 82 and 60 percent of Grundy, respectively. Fertilization also 
narrowed the range in yields among sites on all soils except Keswick. 
In the latter case, the range in yields was greater. The wider range 
in yields reflects in part a lower amount of and a wider range in the 
percent of economic species in the cover among sites on the Keswick soil 
compared to the Grundy, Clarinda and Weller soil. 
' Weed yields were not significantly changed by fertilization on the 
Grundy, Clarinda and Weller soils; however, the yield of weeds was sig­
nificantly increased on the Keswick soil. Weeds on the fertilized plots 
appeared larger than on the unfertilized plots resulting in nearly 
identical to higher yields between treatments even though the percent 
of weeds in the cover was reduced by fertilization. The significantly 
higher yield of weeds on Keswick soil reflects the higher percent of 
weeds in the vegetative cover compared to other soils and thus a greater 
potential for higher weed yields. 
/ 
Data from the sites on the Grundy-Shelby and Albia experimental farms 
were obtained on pastures where livestock yield data can be obtained. The 
pasture site on the Grundy-Shelby experimental farm produced 195 pounds of 
beef per acre as an average for 1961 and 1962 compared to an average of 
137 pounds per acre for the three check pastures on the farm. The pasture 
used as the site on the Albia experimental farm produced 114 pounds of 
beef per acre over a five year period compared to 109 pounds per acre as 
an average for the two check pastures. The pastures appear to be average 
or above average compared to the other pastures used in the experimental 
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work. 
Yields of forage obtained on plots for the years 1961 and 1962 
would be considered above average according to presently held ideas. 
Some increase in yield in relation to the uncaged areas may have been 
obtained due to protection from the cage. Gaged areas have lower wind 
velocity, higher humidity and lower transpiration loss and it has been 
reported that caged areas have produced up to 11 percent more dry matter 
than similar outside areas (112 pp. XCII). A summary of pasture eval­
uation methods have been presented by Ahlgren^". In a summary of the 
clipping method he concludes that most investigators report that results 
based on clipping trials, which simulate grazing, approximate those ob­
tained in grazing during the first few years. Favorable climatic con­
ditions may have provided a more ideal situation for the expression of 
soil differences in the production of forage than would have been pos­
sible with conditions less favorable. However, this study is not entirely 
concerned with the absolute yields obtained but rather with the relation­
ships among the soils. The Grundy soil was used as a standard for com­
parison in this study because it has a relatively high yield potential 
for both corn and forage production. In relation to Grundy, the yields 
of forage for the two year period would indicate that the Clarinda, Weller, 
and Keswick soils are better suited to the production of forages, similar 
in rooting habit to those found on the pastures, than to the production 
L. Ahlgren. A comparison of methods used in evaluating the re­
sults of pasture research. Journal American Society of Agronomy 39: 
240-260. 1947. 
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of corn. This is in agreement with generally accepted concepts. Con­
sidering absolute yields, Keswick is the least productive of the soils 
studied. 
Because of the relatively high degree of dissection of the land­
scape and the relatively low productivity of soil in pasture, it seems 
apparent that a pasture improvement program for southern Iowa might in­
clude three basic alternatives. The alternatives are (1) improving the 
vegetative cover over a period of years and thereby, increasing the 
productivity through fertilization, weed control arri improvement of 
grazing practices, (2) improvement through renovation by introducing 
lime, fertilizer and drouth tolerant legumes and grasses, or (3) doing 
nothing at all. Physical and economic factors within an individual farm 
or farming enterprise should determine which alternative to choose. 
Where it is possible to operate effectively with modern farm 
machinery, on accessible areas of 5 to 10 acres or larger, all of the 
alternatives listed may apply. Size of area, accessibility and produc­
tivity of soils in the landscape unit are factors to consider when se-
lecting improvement programs because it is usually advantageous to in­
clude an intertilled crop in an improvement program through renovation 
in order to subdue the weed population present in most pastures. An 
alternative to an intertilled crop for weed control may be chemicals 
which have been recently released. Efficiency of modern farming 
machinery is lowered with decreasing field size; therefore, small land­
scape units may make renovation programs, and particularly those requir­
ing frequent reseeding, impractical unless gully filling and land shaping 
12? 
practices are carried out to change the size of the landscape unit. 
The frequency of reseeding or the type of renovation program will 
depend upon the productivity of the soils in pasture. If the frequency 
of reseeding in an improvement program depends upon having a high propor­
tion of the soils in the landscape unit with corn yield potentials above 
50 bushels per acre, the data indicate that few units would be cropped 
under long time rotations, having one year of corn with four or five 
years of forage. Permanent seedings might best be made and maintained 
on these areas. However, if it is practical to use long time rotations 
in which row crops are grown infrequently on units with greater than 
one-fourth of the acreage of soil having corn yield potentials of only 
40 bushels or more per acre, additional units can be improved and use 
can be made of high producing forage species. Fifty-nine percent of the 
landscape units in pasture in the Shelby-Grundy-Haig soil association area 
and 39 and 40 percent of the units in the Shelby-Seymour-Edina and Weller-
Lindley soil association areas, respectively, would meet the latter 
criteria. 
Improving the vegetative cover and the production through fertiliza­
tion, weed control and improved grazing management may be an effective 
alternative on a large portion of the soils now in pasture. Areas which 
contain small landscape units or where capital to fully renovate is 
limiting but where added production is needed, may be effectively im­
proved through this method. The data indicate that unless some gully 
shaping is carried out, sizeable amounts of land now in pasture can best 
be improved through this method. 
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SUMMARY 
Two samples of 100 quarter sections were drawn at random from those 
quarter sections surveyed in the Iowa Statistical Sample in order to 
characterize the land in pasture in southern Iowa. The quarter sections 
were drawn from those located in the Shelby-Grundy-Haig, Shelby-Seymour-
Edina and Weller-Lindley soil association areas. Aerial photo maps were 
obtained for each quarter section drawn for the samples. Those areas on 
the map designated by the soil scientist as open permanent pasture were 
selected for study. Landscape units, as defined, in the pasture were 
delineated. Each landscape unit and soil unit within the landscape unit 
was planimetered to determine its size. Yield potentials for corn pro­
duction were placed on each soil unit based on estimated yield potentials 
available in recent county soil survey reports and other material. 
The pasture area surveyed is found in 12 counties in south central 
and southeast Iowa and represents 38 percent of the open permanent pas­
ture land in the state of Iowa. The largest amount of open permanent 
pasture per quarter section was found in the Shelby-Grundy-Haig soil 
association area followed by the Shelby-Seymour-Edina and Weller-Lindley 
areas in that order. The percent of land in pasture on 0 to 4 percent 
slopes is nearly the same in all cases with colluvial and alluvial soils 
making up a larger portion of the soils in pasture of the Shelby-Grundy-
Haig and Weller-Lindley soil association areas. There is a greater pro­
portion of level upland loess soils in pasture in the Shelby-Seymour-
Edina soil association area. A greater proportion of the soils in pasture 
in the Shelby-Grundy-Haig and Weller-Lindley soil association areas are 
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found on slopes greater than 17 percent than in the Shelby-Seymour-Edina 
area. 
In all three soil association areas the degree of erosion becomes 
more severe as the slopes become steeper and a large portion of the soils 
in pasture have none to slight erosion. The portion of the soils which 
are severely eroded is small with amounts being greatest in the Shelby-
Grundy-Haig and Weller-Lindley soil association areas. In both areas, 
the largest portion of soils having the most severe erosion are the soils 
formed from paleosols and till. 
In general, the soils in pasture in southern Iowa are very low in 
productivity for corn production. Only 22 and 12 percent of the soils in 
pasture of the Shelby-Grundy-Haig and Weller-Lindley and the Shelby-
Seymour-Edina soil association areas, respectively, have estimated corn 
yield potentials greater than 55 bushels per acre with above average man­
agement. An additional 12 and 21 percent of the soils have estimated corn 
yield potentials of 45 to 55 bushels per acre in the Shelby-Grundy-Haig 
and Weller-Lindley and the Shelby-Seymour-Edina soil association areas, 
respectively. Nearly 60 percent of the soils in pasture of all areas 
have estimated corn yield potentials of less than 27 to 45 bushels per 
acre. Soils in this productivity group start to occur on more level 
slopes in the Shelby-Seymour-Edina soil association area than in the 
Shelby-Grundy-Haig and Weller-Lindley areas. 
The largest number of landscape units per pasture was found in the 
Shelby-Seymour-Edina soil association area indicating a greater amount of 
dissection of the landscape in pasture compared to both the Shelby-Grundy-
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Haig and Weller-Lindley areas. The size of the landscape unit is also 
smaller in the Shelby-Seymour-Edina area followed by the Weller-Lindley 
and Shelby-Grundy-Haig areas in that order. Landscape units ranged in 
size from less than one acre to approximately 124 acres in size, however 
between 40 and 51 percent of the units were less than five acres in size. 
Nearly 51 percent of the landscape units in pasture of the Shelby-Seymour-
Edina soil association area are less than five acres in size followed by 
the Weller-Lindley with 47 percent and the Shelby-Grundy-Haig area with 
40 percent. The number of landscape units varies inversely with the 
size of the unit in all areas. 
The amount of pasture in a quarter section sample unit varies from 
0 to l60 acres. Pastures were placed into three size categories - 0 to 
50, 51 to 80 and 81 to 160 acres in size. The number of landscape units 
varies inversely with size of landscape unit in all three pasture sizes 
also. Small landscape units were more prevalent in the small pastures. 
Almost all of the large landscape units are found in the larger pastures 
with greater numbers of the larger landscape units found in the larger 
pastures of the Shelby-Grundy-Haig soil association area followed by the 
Weller-Lindley and Shelby-Seymour-Edina areas. 
In general, the productivity of the landscape unit varies inversely 
with pasture size with greater number of landscape units having low 
productivity found on the larger pastures. Significant differences in 
the productivity of landscape units among pasture sizes were found in the 
Shelby-Grundy-Haig soil association area with more landscape units having 
high productivity found in the small and medium pastures. There were no 
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significant differences in the productivity of landscape units among 
pasture sizes in the Shelby-Seymour-Edina and Weller-Lindley soil 
association areas. Thirty percent of the landscape units in the small 
and medium size pastures of the Shelby-Grundy-Haig soil association area 
had more than 50 percent of the acreage with greater than 50 bushels 
estimated corn yield potential while only 11.8 percent of the landscape 
units in the large pastures met the above mentioned criteria. Forty-two 
percent of the landscape units on the small pastures had more than 50 
percent of the acreage with over 40 bushels estimated corn yield poten­
tial, while 4l and 23 percent of the medium and large size pastures, 
respectively, met the above criteria in the Shelby-Grundy-Haig soil 
association area. Additional study on the characteristics of the land­
scape should be conducted to determine the relationship of pasture land 
to the total land area in farms of the three soil association areas. 
The composition of the vegetative cover was correlated with the 
soils used in this study. The percent of economic species in the cover 
was greatest on the Grundy soil followed by Clarinda, Weller and Keswick 
soils. The percent of other grass and legumes followed the same trend. 
Percent of bluegrass in the cover was greater on the loess soils than on 
the till soils. Largest amounts of bluegrass were found on the Grundy 
soil followed by the Weller, Clarinda and Keswick soils. Percent of 
bare ground was greatest on Keswick followed by Weller, Clarinda and 
Grundy soils. Percent of weeds was greatest on the Keswick soils, nearly 
the same on Clarinda and Weller and lowest on Grundy soils. 
Fertilization increased the amount of total economic species in the 
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cover and reduced the percent of weeds and bare ground in the cover. 
The percent of grass in the cover was increased and the percent of legumes 
in the cover was reduced due to fertilization. Fertilization improved the 
uniformity in the amount of economic species in the cover among sites on 
all soils. However, the percent of economic species in the cover was less 
uniform on the Keswick soil. Increases in the amount of total economic 
species in the cover in spring from fertilization was greatest on the 
Keswick soil followed by Weller, Clarinda and Grundy soil. Larger in­
creases in economic cover were obtained or maintained until fall on the 
till soils with Keswick having the largest increase followed by Clarinda, 
Weller and Grundy soils. 
Eight sites in the Grundy and Clarinda area and eleven sites in the 
Weller and Keswick area were selected to' study the productivity of soils 
in pasture. The sites selected covered a wide range of the conditions 
found within the soil types. 
Applying fertilizer increased the yield of weed free dry matter by 
2960 pounds per acre as a two year average. Average yields without fer­
tilizer were 2075 pounds per acre and 5035 pounds per acre with fertilizer. 
Fertilization narrowed the difference between the loess and till soils in 
f 
the Grundy-Clarinda area and widened the difference in the Weller-Keswick 
area. 
Fertilization did not significantly change the yield of weeds on the 
loess soils but did increase weed yields on the till soils with the in­
crease in yield occurring on the Keswick soil. 
Nitrifiable nitrogen, total nitrogen, available potassium and cation 
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exchange capacity in the surface six inches of the soil as well as 
nitrifiable nitrogen in the upper 24 inches of the soil and available 
potassium in the upper 50 inches were effective in accounting for var­
iations in total economic cover as measured by correlation coefficients. 
Mapy factors were effective in accounting for the variability in 
percent yield. Total nitrogen, exchangeable potassium and total economic 
cover were effective in accounting for a large proportion (R^ = .61) of 
the variations in percent yields. 
This study did not attempt to determine the profitability of improve­
ment of pasture through fertilization. 
Additional study needs to be conducted in several areas connected 
with this total problem. Long time studies are needed to determine the 
change in species in the cover due to fertilization with a moderate amount 
of fertilizer applied, the profitable rate of fertilization and determine 
the pasture improvement program which may be best from a physical sense 
on the various soils. 
Forage yields from the unfertilized plots of Clarinda soils were 
69 percent of those obtained on the Grundy soil while unfertilized plot 
yields on Weller and Keswick yielded only 49 and 33 percent of Grundy, 
respectively. Forage yields from fertilized plots on the Clarinda soil 
were 89 percent of those obtained on the Grundy soil while yields from 
fertilized plots of Weller and Keswick yielded 82 and 60 percent of the 
Grundy soil, respectively. 
The productivity estimate for a soil is expressed as a percentage 
figure and is the ratio of the unfertilized plots to the fertilized plots 
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expressed as a percent. Productivity estimates for the two year period 
were 56, 43 , 34 and 31 percent for Grundy, Clarinda, Weller and Keswick, 
respectively. Based on the productivity estimates Clarinda, Weller and 
Keswick soil would rank at 77. 61 and 55 percent of the Grundy soils. 
Yields from the fertilized plots would indicate that, in relation 
to Grundy, the Clarinda, Weller and Keswick soils are better suited to 
forage production than to corn production. Conclusions relative to corn 
production are based on estimates available for the soils used in the 
study. Percent yields for the Clarinda and Keswick soils substantiate 
the conclusion based on yields from the fertilized plots. The relation­
ship between Weller and Grundy soils for forage production based on per­
cent yield is nearly identical to that estimated for corn. Additional 
study needs to be conducted on the Weller soil. 
135 
BIBLIOGRAPHY 
1. Ahlgren, H. L. Comparisons of the productivity of permanent and 
rotation pastures on plowable land. International Grassland Congress 
Proceedings 6:356-362. 1952. 
2. . Rapel, F. W., Bohstedt, G. and Graul, E. J. Eight years 
results on the effectiveness of fertilization and management in in­
creasing the productivity of permanent pastures. Journal American 
Society Agronomy 36:301-315* 1944. 
3. » Sund, J. M., Zehner, C. E., Allen, N. N. and Graul, E. J. 
Comparisons of the productivity of permanent and rotation pastures on 
plowable cropland. Agronomy Journal 43:500-503. 1951» 
4. Alderfer, R. B. and Robinson, R. R. Run-off from pasture in relation 
to grazing intensity and soil compaction. Journal American Society 
Agronomy 39:948-958. 194?. 
5» Anderson, K. L., Krenzin, R. E. and Hide, J. C. The effect of 
nitrogen fertilizer on bromegrass in Kansas. Journal American Society 
Agronomy 38:1058-106?. 1946. 
6. Arny, A. C. Trials show way to higher yields from permanent pastures. 
Minnesota Farm and Home Science 3» No. 2: Feb. 1946. 
?. Barnes, E. E. Effect on permanent pastures of treatments with lime­
stone and acid phosphate as measured t>y the quantity and quality of 
the vegetation produced. Journal American Society Agronomy 16:241-
251. 1924. 
8. Bear, F. E. First aid for pastures. What's New in Crops and Soils 
8, No. 8:15-16. Aug. 1956. 
9. Beeson, Kenneth C. The mineral composition of crops with particular 
reference to the soils in which they are grown: A review and compil­
ation. United States Department Agriculture Miscellaneous Publication 
369. 1941. 
10. Bennett, 0. L. and Doss, B. D. Effect of soil moisture level on root 
distribution of cool-season forage species. Agronomy Journal 52: 
204-20?. I960. 
11. Bertrand, H. R. and Kohnke, H. Subsoil conditions and their effects 
on oxygen supply and the growth of corn roots. Soil Science Society 
America Proceedings 21:135-1^0» 1957-
136 
12. Black, C. A. Evaluation of nutrient availability in soils and pre­
diction of yield response to fertilization. Iowa State College 
Journal Science 30, 1-11. Aug. 1955. 
13. . Laboratory methods of soil investigation* soil fertility. 
3rd ed. Ames, Iowa. Agronomy Department, Iowa State University of 
Science and Technology. 1961. 
14. Blaser, R. ¥., Hammes, R. C., Jr., Bryant, H. T., Kincaid, C. M., 
Skrdla, W. H., Taylor, T. H. and Griffith, W. L. The value of forage 
species and mixtures for fattening cattle. Agronomy Journal 48: 
508-513. 1956. 
15. Bray, R. H. Soil plant relations. I. The quantitative relation of 
exchangeable potassium to crop yields, to crop response and to potash 
additions. Soil Science 58s305-324. 1944. 
16. . Soil plant relations. II. Balanced fertilizer use through 
soil tests for potassium and phosphorus. Soil Science 60:463-^73* 
1945. 
17. Bremner, J. M. Determination of total nitrogen in soil by the Kjeldahl 
method. Journal Agricultural Science 55$11-33. I960. 
18. Brown, B. A. Pasture investigations, fifth report - A resume of 
thirteen years of research. Connecticut (Storrs) Agricultural Exper­
iment Station Bulletin 190. 1933. 
19. _________ and Munsell, R. I. Grass fertilized with nitrogen compared 
with legumes for hay and pasture. Journal American Society Agronomy 
35:811-816. - 1943. 
20. and ________ Pasture investigations—modifying the , seasonal 
growth habits of grasses. Connecticut (Storrs) Agricultural Exper­
iment Station Bulletin 209. 1936. 
21. , and King, A. V. Fertilization and renovation of 
grazed permanent pastures. Connecticut (Storrs) Agricultural Exper­
iment Station Bulletin 350. I960. 
22. Brown, Dorothy. Methods of surveying and measuring vegetation. 
Farnham Royal, England. Commonwealth Agricultural Bureaux. 
Commonwealth Bureau of Pasture and Field Crops. Bui. 42. 195^» 
23. Brown, E. M. The management of grazing. United States Department 
of Agriculture Yearbook 1948:135-139. 1948. 
24. Carey, V., Mitchell, H. L. and Anderson, K. Effect of nitrogen 
fertilization on the chemical composition of brome grass. Agronomy 
Journal 44:467-469. 1952. 
137 
25» Carrier, L. and Oakley, R. A. The management of bluegrass pastures. 
Virginia Agricultural Experiment Station Bulletin 204. 1914. 
26. Carter, L. P. Effectiveness of inorganic nitrogen as a replacement 
for legume grown in association with forage grass. Unpublished Ph.D. 
thesis. Ames, Iowa* Library, Iowa State University of Science and 
Technology. I960. 
2?. Chamblee, R. L., Loworn, R. L. and Woodhouse, W. W., Jr. The in­
fluence of nitrogen fertilization and management on the yield, 
botanical composition and nitrogen content of a permanent pasture. 
Agronomy Journal 45:158-164. 1953. 
28. Cook, W. C., Biswell, H. H., Clark, R. J., Reid, E. H., Stoddart, 
L. A. and Upchurch, M. L. Basic problems and techniques in range 
research. National Academy of Science - National Research Council 
Publication 890. 1962. 
29. Dallas, T. W. and Bullen, E. R. The grassland production trial of 
old warden. Journal British Grassland Society 4:209-215» 1949. 
30. Davie s, W. and Williams, T. E, Animal production from leys and 
permanent grass. Journal Royal Agricultural Society England. 
109:148-165» 19^8. 
31. Davis, L. V. and Sar, M. E. Soil survey of Lee County, Iowa. 
Washington, D. C. Bureau of Soils, United States Department 
Agriculture. 1916. 
32. Dietz, W. P. and Hidlebaugh, A. R. Soil survey of Van Buren County, 
Iowa. United States Department Agriculture Soil Conservation Service 
Soil Survey Report Series 1958, No. 16. 1962. 
33» Dodd, D. R. Cooperative experiments in pasture improvement. Ohio 
Agriculture Experiment Station Bi-Monthly Bulletin 191:39-4?» 1938. 
34. Doss, B. D., Ashley, D. A. and Bennett, 0. L. Effect of soil 
moisture regime on root distribution of warm season forage species. 
Agronomy Journal 52:569-572. I960. 
35» Edgerly, C. G. M. and Carter, J. F. Pastures for dairy cows. North 
Dakota Farm Research 21, No. 5:4-10. I960. 
36. Ellison, W. The productivity of reclaimed upland areas in Montgomery­
shire. II. Journal British Grassland Society 1:54-6?. 1946. 
37. . The productivity of reclaimed upland areas in Montgomery­
shire. II. Journal British Grassland Society 2:127-144. 1947. 
138 
38. Elwell, J. A. and Moran, W. J. Soil survey of Union County, Iowa. 
United States Department of Agriculture Bureau of Chemistry and Soils. 
Soil Survey Report 14. 192?. 
39. Fehrenbacher, J. B. and Snider, H. J. Corn root penetration in 
Muscatine, Elliott and Cisne soils. Soil Science 77:281-291. 1954. 
40. , Vavra, J. P. and Lang, A. L. Deep tillage and deep fer­
tilization on a claypan soil. Soil Science Society American Pro­
ceedings 22:553-557. 1958. 
41. Forbes, E. B., Whittier, A. C. and Collison, R. C. The mineral 
nutrients of bluegrass. Ohio Agricultural Experiment Station Bulletin 
222. 1910. 
42. Foster, J. S. The effect of lime and phosphorus on the botanical and 
chemical composition and yield of four pasture mixtures. Unpublished 
M.S. thesis. Ames, Iowa. Library, Iowa State University of Science 
and Technology. 1956. 
43. Fox, R. L., Weaver, J. E. and Lipps, R. C. Influence of certain soil 
profile characteristics upon the distribution of roots of grass. 
Agronomy Journal 45:583-589. 1953. 
44. Fuelleman, R. F., Burlison, W. L. and Kammlade, W. G. A comparison 
of bromegrass and orchardgrass pastures. Journal American Society 
Agronomy 36:849-858. 1944. 
45. Gard, L. E., Fuelleman, R. F., Van Doren, C. A. and Kammlade, W. G. 
Run-off from pastureland as affected by soil treatment and grazing 
management and it's relationship to botanical and chemical composition 
and sheep production. Journal American Society Agronomy 35:332-34?. 
1943. 
46. Grieg-Smith, P. Quantitative plant ecology. London, England. 
Butterworth's Scientific Publications. 1957. 
47. Haas, H. J. Effect of fertilizers, age of stand and decomposition 
on weight of roots and of grass and alfalfa on soil nitrogen and 
carbon. Agronomy Journal 50:5-9. 1958. 
48. Hagan, R. M. and Peterson, M. L. Soil moisture extraction by 
irrigated pasture mixtures as influenced by clipping frequency. 
Agronomy Journal 45:288-292. 1953. 
49. Hall, E. C. and Angell, E. I. Soil survey of Wapello County, Iowa. 
Washington, D. C. Bureau of Soils, United States Department of 
Agriculture. 1919. 
139 
50. , Thorp, W. E. and Howe, F. B. Soil survey of Ringgold 
County, Iowa. Washington, D. C. Bureau of Soils, United States 
Department of Agriculture. 1918. 
51. Hanway, J. J., Barber, S.A., Bray, R. H., Caldwell, A. C., Engelbert, 
L. E., Fox, R. L., Fried, M., Hovland, D., Ketcheson, J. W., Laughlin, 
W. M., Lawton, K., Lipps, R. C., Olson, R. A., Pesek, J. T., Pretty, 
K., Smith, F. W. and Stickney, E. M. North Central Regional potassium 
studies. I. Field studies with alfalfa. Iowa Agricultural Experiment 
Station Research Bulletin 494. 1961. 
52. and Heidel, H. Soil analysis methods as used in the Iowa 
State University Soil Testing Laboratory. Iowa State University of 
Science and Technology. Cooperative Extension Service in Agriculture 
and Home Economics. Agronomy 57 (Rev.) 1961. 
53. Harrington, J. D. and Washko, J. B. Forage and protein production 
of several pasture grasses as influenced by nitrogen fertilization. 
Pennsylvania Agricultural Experiment Station. Progress Report 147. 
1956. 
54. Haynes, J. L. andNeal, 0. R. The effect of certain pasture 
practices on run-off and production of protective cover. Journal 
American Society Agronomy 35:205-211. 1943. 
55' Heady, E. 0., Olson, R. and Scholl, J. M. Economic efficiency of 
pasture production and improvement in southern Iowa. Iowa 
Agricultural Experiment Station Bulletin 419. 1954. 
56. Heath, M. E. Grassland agriculture. In Hughes, H. D., Heath, M. E. 
and Metcalfe, D. S. eds. Forages. 2nd ed. pp. 13-21. Ames, Iowa. 
Iowa State University Press. 1962. 
57. Heddle, R. G. Increased production from reseeded grassland. Journal 
British Grassland Society 2:83-92. 1947. 
58. Hein, M. A. and Cook, A. C. Effect of method and rate of grazing on 
beef production and plant population at Beltsville, Maryland. United 
States Department of Agriculture Bulletin 538. 1937» 
59- Heinemann, W. W. and Van Keuren, R. W„ A comparison of grass-legume 
mixtures, legumes and grass under irrigation as pasture for sheep. 
Agronomy Journal 50:189-192. 1958. 
60. Holmes, W. The intensive production of herbage for crop drying. II. 
A study of the effect of massive dressings of nitrogenous fertilizer 
and of the time of their application on the yield, chemical and 
botanical composition of two grass leys. Agronomy Journal 39:128-141. 
1949. 
140 
61. Janff, A. Comparisons of the productivity of permanent and rotation 
pastures on plowable land. International Grassland Congress Pro­
ceedings 6:363-370. 1952. 
62. Johnstone-Wallace, D. B., Andrews, J. S. and Lamb, J., Jr. The in­
fluence of periodic close grazing and pasture fertilization upon 
erosion control. Journal American Society Agronomy 34:963-974. 1942. 
63. Jones, M. B. and Evans, R. A. Botanical composition changes in 
annual grassland as affected by fertilization and grazing. Agronomy 
Journal 52:459-561. I960. 
64. Kennedy, W. K. Nitrogen fertilization of meadows and pastures. New 
York (Ithaca) Agricultural Experiment Station Bulletin 935. 1958. 
65. Kmoch, H. G., Ramig, R. E., Fox, R. L. and Koehler, F. E. Root de­
velopment of winter wheat as influenced by soil moisture and nitrogen 
fertilization. Agronomy Journal 49:20-25. 1957. 
66. Lamba, P. S., Ahlgren, H. L. and Muckenhirn, R. J. Root growth of 
alfalfa, medium red clover, bromegrass and timothy under various 
soil conditions. Journal American Society Agronomy 41:451-458. 1949. 
67. Lewis, R. D. and Lang, R. L. Effect of nitrogen on yield of forage 
of eight grasses grown in high altitude meadows of Wyoming. Agronomy 
Journal 49:332-335. 1957. 
68. Lounsbury, C., Wiechmann, P. C. and Gray, D. 5. Soil survey of Wayne 
County, Iowa. Washington, D. C. Bureau of Soils, United States De­
partment of Agriculture. 1920. 
69. Lush, R. H., Van Horn, A. G. and Whitacker, W, M. Early and delayed 
grazing of alfalfa, orchardgrass and Ladino clover. Better Crops 
with Plant Food. 38:22, 40-42. 1954. 
70. Mays, D. A. and Washko, J. B. The feasibility of stockpiling legume-
grass pasturage. Agronomy Journal 52:190-192. I960. 
71. Metcalfe, D. S. Physiologic responses of Bromis inermis. Unpublished 
Ph.D. thesis. Ames, Iowa. Library, Iowa State University of Science 
and Technology. 1950. 
72. Mott, G. 0. Effectiveness of fertilization and management in increas­
ing yields of pastures in Indiana. Soil Science Society America 
Proceedings 8:276-281. 1944. 
73. , Smith, R. E. and McVey, W. M. Bluegrass pastures for beef 
cattle. Purdue University Cooperative Agricultural Extension Service. 
Mimeo AY-146. ca 1940. 
141 
74. Mulder, E. G. Fertilizer vs. legume nitrogen for grasslands. 
International Grassland Congress Proceedings 6:740-748. 1952. 
75« O'Neal, A. M. and Boatwright, C. B. Soil survey of Clarke County, 
Iowa. United States Department of Agriculture Bureau of Soils. 
Soil Survey Report Series 1956, No. 6. I960. 
76. Orrben, C. L. and Strike, W. W. Soil survey of Appanoose County, 
Iowa. Washington, D. C. Bureau of Soils, United States Department 
of Agriculture. 1928. 
77. and Swenson, G. A. Soil survey of Davis County, Iowa. 
United States Department of Agriculture Bureau of Plant Industry. 
Soil Survey Report Series 1933, No. 32. 1940. 
78. and Thorp, W. E. Soil survey of Monroe County, Iowa. 
United States Department of Agriculture Bureau of Chemistry and 
Soils. Soil Survey Report 9. 1931* 
79. Perkins, W. R., Grizzard, A. L. and Hutcheson, T. B. Lime and 
fertilizers improve pastures. Virginia Agricultural Experiment 
Station Bulletin 330. 1941. 
80. Pesek, J. T. Orientation of forage research: analysis and proposal. 
(Mimeographed) Ames, Iowa. Agronomy Department, Iowa State Univer­
sity of Science and Technology. 
81. Peterson, M. L. Effect of method of grazing unimproved Kentucky 
bluegrass on beef production, botanical composition and herbage 
yields. Journal American Society Agronomy 39:412-422. 1947. 
82. and Hagan, R. M. Production and quality of irrigated 
pasture mixtures as influenced by clipping frequency. Agronomy 
Journal 45:283-287. 1953* 
83. Pierre, W. H., Longwell, J. H., Robinson, R. R., Browning, G. M., 
McKeever, I. and Copple, R. F. West Virginia pastures; type of 
vegetation, carrying capacity and soil properties. West Virginia 
Agricultural Experiment Station Bulletin 280. 1937* 
84. Prill, R. C. Soil survey of Lucas County, Iowa. United States 
Department of Agriculture Soil Conservation Service. Soil Survey 
Report Series 1956, No. 6. I960. 
85. Ramage, C. H., Eby, C., Mather, R. E. and Purvis, E. R. Yield and 
chemical composition of grasses fertilized heavily with nitrogen. 
Agronomy Journal 50:59-62. 1958* 
142 
86. Roberts, E. J. The comparison of (a) an old with a temporary pasture 
and (b) two temporary pastures from one which white clover had been 
omitted at seeding down. Welsh Journal Agriculture 11:132-139. 1935» 
8?. and Williams, H. M. Grazing trials on old and young pastures 
at the college farm, Aberystwyth, Wales. Welsh Journal Agriculture 
16:111-131. 1940. 
88. Robinson, R. R. Soil properties determining the botanical composition 
of pastures in West Virginia. Journal Agricultural Research 54:877-
897. 1937. 
89. and Pierre, W. H. The effect of nitrogen fertilization of 
permanent pastures on seasonal distribution of yields and on nitrogen 
recovery in the herbage. Journal American Society Agronomy 34: 
747-764. 1942. 
90. _________ and Sprague, V. G. Responses of orchardgrass-Ladino clover 
to irrigation and nitrogen fertilization. Agronomy Journal 44: 
244-247. 1952. 
91. Runge, E. C. A. and Riecken, F. F. Distribution of field sizes in 
Iowa when the fields are subjected to various lope criteria. 
Typewritten. Ames, Iowa. Department of Agronomy, Iowa State Univer­
sity of Science and Technology, ca 1963. 
92. Schaller, F. W. and Pohlman, G. G. The effect of rate and frequency 
of phosphate application on pasture production. West Virginia 
Agricultural Experiment Station Bulletin 380. 1955. 
93. Scholl, J. M. Pasture when you need it. What's New in Crops and 
Soils. 9, No. 7:14-15. 1957. 
94. . Southern Iowa pastures. Mimeographed. Iowa Agricultural 
Experiment Station. Grundy-Shelby Experiment Farm Annual Progress 
Report, 1958:5-10. 1959. 
95» _________ and Wilsie, C. P. Using alfalfa for rotation pastures. Iowa 
Farm Science 13, No. 9:3-6. 1959. 
96. Shepherd, J. B., Ely, R. E., Gordon, C. H., Melin, C. G., Wagner, R. 
E., and Hein, M. A. Permanent pastures compared with a five year 
crop and pasture for dairy cattle feed. United States Department of 
Agriculture Technical Bulletin 1144. 1956. 
97. Shrader, W. D., Schaller, F. W., Pesek, J. T., Slusher, D. F. and 
Riceken, F. F. Estimated crop yields on Iowa soils. Iowa Agricultural 
Experiment Station and (Iowa State University of Science and Technology) 
Cooperative Extension Service in Agriculture and Home Economics. 
Special Report 25. I960. 
143 
98. , Slusher, D. F. and Riecken, F. F. Soil management groups 
of Iowa soils: classified by soil association areas, land use, slope 
and erosion. Typewritten. Ames, Iowa. Agronomy Department, Iowa 
State University of Science and Technology, ca 1963. 
99. Simonson, R. W. Soil survey of Decatur County, Iowa. Iowa 
Agricultural Experiment Station. Soil Survey Report No. 80. 1941. 
100. . Riecken, F. F. and Smith, G. F. Understanding Iowa soils. 
Dubuque, Iowa. tin. C. Brown. 1952. 
101. Sprague, H. B. Root development of perennial grasses and its relation 
to soil conditions. Soil Science 36:189-209. 1933. 
102. Sullivan, E. F., Phillips, P. J., Jr., Washko, J. B., Miller, R. C., 
Kean, G. R. and Raskins, A. L. A comparison of nitrogen fertilized 
grass and grass-legume pasturage on performance of yearling steers 
with and without stilbesterol and grain feeding, 1957-1958. 
Pennsylvania Agricultural Experiment Station Progress Report 211. 
1959. 
103. Sund, J. M., Wright, M. J., Zehner, C. E. and Ahlgren, H. L. Com­
parisons of the productivity of permanent and rotation pastures on 
plowable cropland. II. Second six year cycle and summary. Agronomy 
Journal 50:637-640. 1958. 
104. Swift, R. W., James, W. H., Manay, L. F., Elliott, R. F., Smith, 
V. F., and Higbee, H. W. Monthly yields and composition of herbage 
composed of Kentucky bluegrass (Poa pratensis L.) and white clover 
(Trifolium repens L.) as affected by fertilizer treatment. Agronomy 
Journal 40:1051-1059. 1948. 
105. Tanner, C. B. and Mamaril, C. P. Pasture soil compaction by animal 
traffic. Agronomy Journal 51:329-331» 1959. 
106. Tanner, J. W., Gamble, E. E. and Tossell, W. E. Determination of 
botanical composition of two-component forage mixtures. Canadian 
Journal Plant Science 40:225-234. I960. 
107. Teel, M. R., Barber, S. A., Heath, M. E. and Fox, C. D. Evaluation 
of nitrogen fertilized grasses as substitutes for legume-grass mix­
tures on southern Indiana soils. Indiana Agricultural Experiment 
. Station Progress Report I. D. 27:29-30. 1958. 
108. Templeton, W. C., Jr., Buck, C. F., Seat h, D. M., Woolf oik, P. G. 
and Fergus, E. N. Some effects of irrigation and fertilization of 
permanent pastures in Kentucky. Kentucky Agricultural Experiment 
Station Bulletin 668. 1959. 
144 
109. Thomas, J. R. and Oseribrug, A. Effect of manure, nitrogen, phos­
phorus and climatic factors on the production and quality of brome-
grass crested wheatgrass hay. Agronomy Journal 51:63-66. 1956. 
110. Thorp, L. J. The improvement of permanent pastures at Mt. Pleasant, 
Iowa. Unpublished Ph.D. thesis. Ames, Iowa. Library, Iowa State 
University of Science and Technology. 1940. 
111. Timmons, J. F. Building a land policy. In Timmons, J. F. and 
Murray, W. G., eds. Land problems and policies, pp. 275-291. Ames, 
Iowa. Iowa State College Press. 1950. 
112. Tothill, J. C. and Peterson, M. L. Botanical analysis and sampling : 
tame pastures. In Joint Committee of American Society of Agronomy, 
American Dairy Science Association, American Society of Animal 
Producers and American Society of Range Management. Pasture and 
range research techniques, pp. 109-134. Ithaca, New York. 
Comstock Publishing Associates. 1962. 
113» Tysdàl, H. M. Alfalfa. In Hughes, H. D., Heath, M. E. and Met calf, 
D. S., eds. Forages, pp. 138-153. Ames, Iowa. Iowa State Univer­
sity Press. 1951. 
114. U. 5. Census Bureau. Census of Agriculture. 1959, 1, Part 16: 
Iowa. 
115. Vandecaveye, S. C. Effects of soil type and fertilization treat­
ments on the chemical composition of certain forage and small grain 
crops. Soil Science Society America Proceedings 5:107-119. 1940. 
116. Van Doren, C. A., Burlison, W. L., Gard, L. E. and Fuelleman, R. F. 
Effect of soil treatment and grazing management on the productivity, 
erosion and run-off from pasture land. Journal American Society 
Agronomy 32:877-88?. 1940. 
117. , Whitaker, W. M. and Lush, R. H. Effects of early and 
delayed grazing on orchardgrass-alfalfa-Ladino clover pasture. 
Tennessee Agricultural Experiment Station Bulletin 249. 1956. 
118. , , and Carreker, J. R. Irrigation of 
pastures for dairy cows. Tennessee Agricultural Experiment Station 
Bulletin 248. 1956. 
119. Van Keuren, R. W. and Ahlgren, H. L. A statistical study of several 
methods used in determining the botanical composition of a sward. 
I. A study of established pastures. Agronomy Journal 49:532-536. 
1957. 
120. Wagner, R. E. Influence of legume and fertilizer nitrogen on forage 
production and botanical composition. Agronomy Journal 46:167-171. 
1954. 
14-5 
121. . Legume nitrogen versus fertilizer nitrogen in protein pro­
duction of forage. Agronomy Journal 46:233-236. 1954. 
122. . Yields and botanical composition of four grass-legume 
mixtures under differential cutting. United States Department of 
Agriculture Technical Bulletin 1063. 1952. 
123. Walker, W. M. Yield and chemical composition of Poa pratensis and 
Bromus inermis as a function of applied nitrogen, phosphorus and 
potassium. Unpublished Ph.D. thesis. Ames, Iowa. Library, Iowa 
State University of Science and Technology. 1962. 
124. , Pesek, J. and Heady, E. 0. Effect of nitrogen, phosphorus 
and potassium fertilizer on the economics of producing bluegrass 
forage. Agronomy Journal 55:193-196. 1963. 
125. Weaver, J. E. The ecological relations of roots. Washington, D, C. 
Carnegie Institution of Washington. 1919. 
126. . Root development of field crops. New York, New York. 
McGraw Hill Book Co. Inc. 1926. 
127. Wedin, W. F. Alfalfa-grass and nitrogen fertilized grass as a summer 
forage supply for fattening steers in western and southwestern Iowa. 
Iowa Agricultural Experiment Station and Iowa State University 
Cooperative Extension Service in Agriculture and Home Economics. 
Soil Conservation Experimental Farm Annual Progress Report, 1962: 
1-90. 1962. 
128. and Christiansen, W. C. Pasture improvement studies. Iowa 
Agricultural Experiment Station and Iowa State University Cooperative 
Extension Service in Agriculture and Home Economics. Grundy-Shelby 
Experimental Farm Annual Progress Report, 1962:7-9. 1962. 
129. and Donker; J. D. Which pastures are best for dairy cows? 
Minnesota Farm and Home Science 17, No. 3:10-11* I960. 
130. and Rohweder, D. A. Pasture trials at Albia, 1940-1960. 
Mimeographed. Iowa State University of Science and Technology 
Cooperative Extension Service in Agriculture and Home Economics 
Pamphlet O.E.F.-61-23:1-5. 1962. 
131. Willard, C. J. The management of alfalfa meadows. Advances in 
Agronomy 3:93-112. 1952. 
132. , Thatcher, L. E. and Cutler, J. 5. Alfalfa in Ohio. Ohio 
Agricultural Experiment Station Bulletin 5^0. 1934. 
146 
ACKNOWLEDGEMENTS 
The author expresses his sincere appreciation to Drs. C. P. Wilsie 
and John T. Pesek for their suggestions, their guidance and their con­
structive criticism of this manuscript. 
Special thanks goes to Dr. J. J. Hanway and Joseph Phillips for their 
assistance with specific areas in the study. A word of thanks goes to 
staff members of the Agronomy Department and Soil Conservation Service 
for their assistance in solving specific problems. 
A word of appreciation is due to my wife and family for their sacri­
fices and encouragement. 
14? 
I 
APPENDIX A. PERCENT OF PLOT AREA COVERED BY ECONOMIC AND 
NON-ECONOMIC COVER INCLUDING BARE GROUND 
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Table 41. Percent of plot area covered by economic and non-economic 
cover including bare ground 
Grundy - Spring 
Site Treatment Year Bluegrass Other Legume Total Bare Weed <! 
grass economic ground brusl 
Kyner None 1961 20.9 1.9 73.7 96.5 3.5 
1962 55.0 25.0 - 80.0 20.0 -
Fertilized 1961 70.0 10.0 20.0 100.0 — -
1962 40.0 60.0 - 100.0 - -
McNay None 1961 20.0 19.4 57.8 97.2 2.8 
1962 40.0 10.0 40.0 90.0 10.0 -
Fertilized 1961 * 20.0 69.0 10.0 99.0 - 1.0 
1962 44.0 50.0 5.0 95.0 5.0 -
Hood None 1961 20.9 53.8 18.4 93.1 4.4 2.5 
1962 37.2 22.8 28.5 88.5 10.9 0.6 
Fertilized 1961 60.0 40.0 — 100.0 - -
1962 20.0 65.0 5.0 90.0 10.0 -
Page None 1961 81.5 11.3 92.8 6.6 0.6 
1962 90.0 - — 90.0 10.0 -
Fertilized 1961 98.0 2.0 - 100.0 - -
1962 100.0 - 100.0 - -
Grundy- None 1961 76.9 1.2 19.9 98.0 1.6 0.4 
Shelby 1962 48.2 - 1.2 49.4 32.7 17.9 
Fertilized 1961 80.0 - 10.0 90.0 — 10.0 
1962 61.3 5.6 - 66.9 28.7 4.4 
Edwards None 1961 36.9 26.0 15.9 78.8 20.3 0.9 
1962 10.0 15.0 50.0 75.0 25.0 -
Fertilized 1961 20.0 70.0 10.0 100.0 - -
1962 20.0 50.0 10.0 80.0 20.0 -
Pontier None 1961 22.5 19.1 io.6 52.2 19.0 28.8 
1962 35.0 10.0 30.0 75.0 20.0 5.0 
Fertilized 1961 37.0 50.0 10.0 97.0 - 3.0 
1962 30.0 35.0 - 65.0 20.0 15.0 
Nicholson None 1961 9.7 5.3 8.4 23.4 1.9 74.7 
1962 13.1 4.4 48.1 65.6 31.3 3.1 
Fertilized 1961 50.0 30.0 20.0 100.0 - -
1962 21.9 50.6 1.5 74.0 17.2 8.8 
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Table 42. Percent of plot area covered by economic and non-economic 
cover including bare ground 
Site Treatment Year 
Grundy - Fall 
Bluegrass Other Legume 
grass 
Total 
economic 
Bare 
ground 
Weed i 
brusl 
Kyner None 1961 69.7 8.8 78.5 16.9 4.6 
1962 47.5 50.0 — 97.5 2.5 0.5 
Fertilized 1961 88.8 1.2 — 90.0 4.7 5.3 
1962 45.0 42.5 - 87.5 7.5 5.0 
McNay None 1961 64.0 20.4 1.2 85.6 12.0 2.4 
1962 67.5 25.5 1.5 94.5 5.0 0.5 
Fertilized 1961 70.2 24.0 - 94.2 3.0 2.8 
1962 69.0 30.0 
-
99.0 0.5 0.5 
Hood None 1961 36.9 48.8 85.7 1.9 12.4 
1962 69.0 10.0 15.0 94.0 5.0 1.0 
Fertilized 1961 26.3 69.0 — 95.3 1.9 2.8 
1962 93.0 5.0 - 98.0 2.0 -
Page None 1961 87.4 87.4 12.5 0.1 
1962 97.0 - — 97.0 2.5 0.5 
Fertilized 1961 58.1 18.8 — 76.9 23.1 -
1962 95.0 - - 95.0 1.0 4.0 
Grundy- None 1961 81.5 2.2 83.7 12.8 3.5 
Shelby 1962 92.0 0.5 — 92.5 2.5 5.0 
Fertilized 1961 65.6 — — 65.6 30.6 3.8 
1962 92.5 - - 92.5 - 7.5 
Edwards None 1961 21.9 61.2 83.1 16.9 — 
1962 22.5 20.0 50.0 92.5 7.5 -
Fertilized 1961 65.0 33.7 — 98.7 1.3 -
1962 49.0 38.0 5.5 92.5 7.5 -
Pontier None 1961 11.4 48.0 59.4 38.2 2.4 
1962 20.0 10.0 50.0 80.0 10.0 10.0 
Fertilized 1961 14.7 52.8 0.6 68.1 31.3 0.6 
1962 65.0 10.0 - 75.0 15.0 10.0 
Nicholson None 1961 23.1 13.1 36.2 45.6 18.2 
1962 60.0 17.5 7.5 85.0 5.0 10.0 
Fertilized 1961 27.5 28.8 20.1 76.4 18.1 5.5 
1962 65.0 22.5 - 87.5 5.0 7.5 
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Table 43. Percent plot area covered by economic and non-economic 
cover including bare ground 
Clarinda - Spring 
Site Treatment Year Bluegrass Other Legume Total Bare Weed & 
grass economic ground brush 
Page None 1961 78.8 15.9 — 94.7 5.3 — 
1962 100.0 — — 100.0 — — 
Fertilized 1961 95.0 5.0 - 100.0 - -
1962 100.0 - - 100.0 - -
Kyner None 1961 48.3 10.9 33.4 92.6 3.8 3.6 
1962 40.0 20.0 — 60.0 40.0 -
Fertilized 1961 70.0 10.0 20.0 100.0 - -
1962 70.0 30.0 - 100.0 - -
Hood None 1961 55.6 36.2 0.6 92.4 1.3 6.3 
1962 10.9 23.7 41.3 75.9 20.0 4.1 
Fertilized 1961 70.0 20.0 — 90.0 - 10.0 
1962 25.0 60.0 5.0 90.0 10.0 -
Grundy- None 1961 88.4 9.1 97.5 2.5 
Shelby 1962 23.9 0.3 34.4 58.6 40.9 0.5 
Fertilized 1961 83.0 5.0 10.0 98.0 - 2.0 
1962 60.9 - 22.7 83.6 16.4 -
Pontier None 1961 13.8 25.6 10.6 50.0 12.8 37.2 
1962 10.0 40.0 10.0 60.0 40.0 -
Fertilized 1961 20.0 70.0 10.0 100.0 - -
1962 10.0 60.0 3.0 73.0 25.0 2.0 
Nicholson None 1961 11.9 14.7 5.0 31.6 47.5 20.9 
1962 8.8 12.2 12.5 33.5 60.9 5.6 
Fertilized 1961 50.0 30.0 20.0 100.0 - -
1962 21.6 19.4 6.2 47.2 26.7 26.1 
Edwards None 1961 4.4 12.8 37.2 54.4 42.5 3.1 
1962 5.0 20.0 45.0 70.0 30.0 -
Fertilized 1961 15.0 80.0 5.0 100.0 - -
1962 15.0 20.0 45.0 80.0 20.0 -
McNay None 1961 20.0 19.4 57.8 97.2 2.8 
1962 20.0 30.0 . —. 50.0 30.0 20.0 
Fertilized 1961 20.0 69.0 10.0 99.0 - 1.0 
1962 30.0 47.0 - 77.0 20.0 3.0 
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Table 44. Percent plot area covered by economic and non-economic 
cover including bare ground 
Site Treatment Year 
Clarinda - Fall 
Bluegrass Other Legume 
grass 
Total Bare 
economic ground 
Weed < 
brus' 
Page None 1961 90.0 0.3 90.3 9.6 0.1 
1962 89.0 2.0 — 91.0 8.0 1.0 
Fertilized 1961 94.0 5.0 - 99.0 - 1.0 
1962 97.0 2.5 - 99.5 - 0.5 
Kyner None 1961 85.O 15.0 100.0 
1962 72.5 15.0 2.0 89.5 10.5 -
Fertilized 1961 95.0 5.0 — 100.0 - -
1962 78.5 17.5 - 96.0 3.5 0.5 
Hood None 1961 33.1 34.7 67.8 25.9 6.3 
1962 37.0 15.0 40.0 92.0 5.0 3.0 
Fertilised 1961 55.0 32.5 - 87-5 8.7 3.8 
1962 55.0 25.0 15.0 95.0 2.0 3.0 
Grundy- None 1961 85.6 85.6 12.8 1.6 
Shelby 1962 93.0 2.5 - 95-5 1.0 3.5 
Fertilized 1961 95.0 — - 95.0 - 5.0 
1962 99.5 - - 99.5 - 0.5 
Pontier None 1961 21.1 22.9 44.0 54.0 2.0 
1962 15.0 10.0 45.0 70.0 17.5 12.5 
Fertilized 1961 10.9 58.8 - 69.7 30.3 -
1962 27.5 30.0 2.5 60.0 22.5 17.5 
Nicholson None 1961 25.6 13.7 39.3 40.7 20.0 
1962 60.0 7.5 12.5 80.0 5.0 15.0 
Fertilized 1961 71.8 13.8 10.0 95.6 3.4 1.0 
1962 66.0 2.5 24.0 92.5 4.0 3.5 
Edwards None 1961 7.2 42.5 28.1 77.8 22.2 « 
1962 37.5 29.5 17.5 84.5 15.0 0.5 
Fertilized 1961 10.0 80.0 - 90.0 10.0 -
1962 42.5 39.0 12.5 94.0 5.0 1.0 
McNay None 1961 36.1 19.1 12.4 67.6 20.3 12.1 
1962 42.5 22.5 14.5 79.5 10.0 10.5 
Fertilized 1961 58.9 34.7 - 93.6 3.8 2.6 
1962 59.5 35.0 - 94.5 3.0 2.5 
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Table 45. Percent plot area covered by economic and non-economic 
cover including bare ground 
Weller - Spring 
Site Treatment Year Blue grass Other Legume Total Bare Weed & 
grass economic ground brush 
Albia None 1961 87.3 - 0.3 87.6 12.4 -
1962 80.0 - 3.0 83.0 15.0 2.0 
Fertilized 1961 100.0 — - 100.0 - -
1962 99.0 - - 99.0 - 1.0 
Crawford None 1961 20.2 22.1 51.5 93.8 6.2 
1962 50.0 30.0 5.0 85.0 10.0 5.0 
) Fertilized 1961 64.0 30.0 5.0 99.0 - 1.0 
1962 50.0 45.0 - 95.0 4.0 1.0 
Mounts None 1961 26.4 3.7 59.6 89.7 10.3 
1962 70.0 - 5.0 75.0 10.0 15.0 
Fertilized 1961 92.0 8.0 — 100.0 - -
1962 93.0 - 1.0 94.0 5.0 1.0 
Elliott None 1961 36.9 30.6 2.5 70.0 26.2 3.8 
1962 45.0 20.0 65.0 25.0 10.0 
Fertilized 1961 50.0 50.0 - 100.0 - -
1962 65.0 30.0 
-
95.0 5.0 -
Gonterman None 1961 61.9 2.2 6.6 70.7 20.9 8.4 
1962 67.0 - — 67.0 30.0 3.0 
Fertilized 1961 89.0 1.0 10.0 100.0 - -
1962 75.0 20.0 - 95.0 5.0 -
Schoeni None 1961 32.8 14.4 1.9 49.1 33.4 17.5 
1962 45.O 15.0 — 60.0 25.0 15.0 
Fertilized 1961 70.0 30.0 — 100.0 - -
1962 33.0 60.0 - 93.0 5.0 2.0 
Sirdoreus None 1961 22.5 8.1 3.4 34.0 24.0 42.0 
1962 28.0 10.0 2.0 40.0 25.0 35.0 
Fertilized 1961 50.0 50.0 - 100.0 - -
1962 69.0 30.0 - 99.0 1.0 -
Burchett None 1961 52.2 31.5 0.6 84.3 12.6 3.1 
1962 30.0 40.0 - 70.0 20.0 10.0 
Fertilized 1961 50.0 50.0 - 100.0 - -
1962 35.0 60.0 2.0 97.0 - . 3.0 
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Table 45 (Continued). 
Weller - Spring 
Site Treatment Year Bluegrass Other Legume Total Bare Weed & 
grass economic ground brush 
Chapman None 1961 57.8 5.0 2.2 65.0 21.9 13.1 
1962 34.0 10.0 5.0 49.0 50.0 1.0 
Fertilized 1961 78.0 20.0 - 98.0 - 2.0 
1962 70.0 25.0 2.0 97.0 - 3.0 
Blair None 1961 33.1 0.3 0.3 33.7 48.1 18.2 
1962 35.0 5.0 2.0 42.0 55-0 3.0 
Fertilized 1961 60.0 1.0 19.0 80.0 - 20.0 
1962 70.0 15.0 
-
85.0 15.0 -
Johnston None 1961 18.4 7.0 0.3 25.7 63.1 11.2 
1962 15.0 10.0 - 25.0 60.0 15.0 
Fertilized 1961 95.0 5.0 — 100.0 -
1962 70.0 
- -
70.0 30.0 -
Table 46. Percent of plot area covered by economic and non-economic 
cover including bare ground 
Weller - Fall 
Site Treatment Year Bluegrass Other Legume Total Bare Weed <! 
grass economic ground brusi 
Albia None 1961 80 .JD _ 80.0 19.0 1.0 
1962 71.5 - 25.0 96.5 2.0 1.5 
Fertilized 1961 33.8 — - 33.8 66.2 -
1962 91.5 - - 91.5 7.5 1.0 
Crawford None 1961 62.5 30.9 93.4 5.3 1.3 
1962 37.5 52.5 - 90.0 7.5 2.5 
Fertilized 1961 39.4 46.8 - 86.2 13.8 -
1962 53.5 35.0 - 88.5 7.5 4.0 
Mounts None 1961 86.8 4.1 — 90.9 1.9 7.2 
1962 82.5 - 5.0 87.5 2.5 10.0 
Fertilized 1961 57.8 20.0 — 77.8 21.9 0.3 
1962 88.5 - - 88.5 8.0 3.5 
154 
Table 46 (Continued). 
Weller - Fall 
Site Treatment Year Bluegrass Other Legume Total Bare Weed & 
grass economic ground brush 
Elliott None 1961 78.1 - 78.1 16.3 5.6 
1962 64.0 3.0 10.0 77.0 17.5 5.5 
Fertilized 1961 38.8 * » 38.8 60.8 0.4 
1962 80.0 7.5 - 87.5 10.0 2.5 
Gonterman None 1961 51.3 1.0 52.3 13.1 34.6 
1962 47.0 40.0 - 87.0 7.5 5.5 
Fertilized 1961 89.0 10.0 — 99.0 - 1.0 
1962 72.5 27.5 - 100.0 - -
Schoeni None 1961 53.4 17.5 70.9 21.9 7.2 
1962 20.0 22.5 — 42.5 45.0 12.5 
Fertilized 1961 46.4 16.8 - 63.2 35.9 0.9 
1962 52.5 30.0 - 82.5 15.0 2.5 
Sirdoreus None 1961 28.1 28.1 35.0 36.9 
1962 15.0 15.0 2.5 32.5 25.0 42.5 
Fertilized 1961 .79.0 - - 79.0 16.9 4.1 
1962 82.5 15.0 - 97.5 2.5 -
Burchett None 1961 58.4 22.5 80.9 10.3 8.8 
1962 46.5 15.0 22.5 84.0 5.0 11.0 
Fertilized 1961 35.0 55.6 - 90.6 7.8 1.6 
1962 79.0 12.5 - 91.5 2.0 6.5 
Chapman None 1961 62.2 1.3 3> 66.9 15.9 17.2 
1962 70.0 17.5 - 87.5 10.0 2.5 
Fertilized 1961 43.4 36.9 - 80.3 4.4 15.3 
1962 76.5 20.0 - 96.5 3.5 -
Blair None 1961 81.8 81.8 8.8 9.4 
1962 60.0 5.0 7.5 72.5 15.0 12.5 
Fertilized 1961 49.1 - - 49.1 49.6 1.3 
1962 82.5 15.0 - 97.5 2.5 -
Johnston None 1961 8.4 8.4 59.1 32.5 
1962 15.0 12.5 - 27.5 40.0 32.5 
Fertilized 1961 28.4 _ — 28.4 65.3 6.3 
1962 42.0 22.5 - 64.5 35.0 0.5 
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Table 47. Percent of plot area covered by economic and non-economic 
cover including bare ground 
Keswick - Spring 
Site Treatment Year Bluegrass Other Legume Total Bare Weed 1 
grass economic ground brusl 
Burchett None 1961 39.4 30.9 70.3 29.7 
1962 28.0 50.0 — 78.0 20.0 2.0 
Fertilized 1961 60.0 40.0 — 100.0 - -
1962 30.0 60.0 - 90.0 10.0 -
Gonterman None 1961 16.9 11.9 0.3 29.1 55.0 15.9 
1962 65.0 10.0 - 75.0 25.0 -
Fertilized 1961 40.0 60.0 - 100.0 - -
1962 40.0 55.0 - 95.0 5.0 -
Albia None 1961 42.8 18.9 6.6 68.3 26.8 4.9 
1962 30.0 40.0 20.0 90.0 10.0 -
Fertilized 1961 9.0 90.0 - 99.0 - 1.0 
1962 20.0 68.0 
-
88.0 10.0 2.0 
Elliott None 1961 15.6 6.3 43.5 65.4 15.9 18.7 
1962 5.0 - 30.0 35.0 45.0 20.0 
Fertilized 1961 30.0 10.0 - 40.0 - 60.0 
1962 4.0 1.0 15.0 20.0 30.0 50.0 
Schoeni None 1961 18.8 2.5 1.2 22.5 65.9 11.6 
1962 35.0 30.0 - 65.0 30.0 5.0 
Fertilized 1961 60.0 40.0 — 100.0 - -
1962 50.0 30.0 - 80.0 15.0 5.0 
Sirdoreus None 1961 27.2 4.4 2.2 33.8 44.0 22.2 
1962 50.0 - 5.0 55.0 30.0 15.0 
Fertilized 1961 95.0 - — 95.0 5.0 -
1962 92.0 - - 92.0 5.0 3.0 
Crawford None 1961 11.8 1.5 15.2 28.5 51.5 20.0 
1962 35.0 - - 35.0 50.0 15.0 
Fertilized 1961 70.0 25.0 - 95.0 - 5.0 
1962 75.0 5.0 - 80.0 10.0 10.0 
Blair None 1961 20.0 20.0 53.4 26.6 
1962 30.0 — - 30.0 50.0 20.0 
Fertilized 1961 80.0 — — 80.0 - 20.0 
1962 55.0 10.0 - 65.0 25.0 10.0 
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Table 47 (Continued). 
Keswick - Spring 
Site Treatment Year Bluegrass Other Legume Total Bare Weed & 
grass economic ground brush 
Mounts None 1961 7.6 5.3 12.9 52.3 34.8 
1962 10.0 - 10.0 60.0 30.0 
Fertilized 1961 65.0 - 10.0 75.0 - 25.0 
1962 40.0 40.0 - 80.0 10.0 10.0 
Chapman None 1961 1.0 0.9 1.9 3.7 94.4 
1962 5.0 - — 5.0 20.0 75.0 
Fertilized 1961 60.0 10.0 — 70.0 - 30.0 
1962 30.0 35.0 - 65.0 30.0 5.0 
Johnston None 1961 6.3 1.0 5.0 12.3 51.6 36.1 
1962 5.0 5.0 10.0 20.0 25.0 55.0 
Fertilized 1961 30.0 20.0 — 50.0 - 50.0 
1962 28.0 30.0 - 58.0 20.0 22.0 
Table 48. Percent of plot area covered by economic and non-economic 
cover including bare ground 
Keswick - Fall 
Site Treatment Year Bluegrass Other Legume Total Bare Weed <5 
grass economic ground brush 
Burchett None 1961 19.4 17.5 36.9 25.9 37.2 
1962 66.0 22.5 88.5 5.0 6.5 
Fertilized 1961 40.0 40.0 80.0 20.0 -
1962 65.0 32.5 97.5 2.5 -
Gonterman None 1961 17.5 18.8 36.3 25.0 38.7 
1962 60.0 25.0 85.0 12.5 2.5 
Fertilized 1961 50.6 38.8 89.4 10.6 -
1962 45.0 45.0 90.0 10.0 -
Albia None 1961 26.6 35.9 62.5 37.5 — 
1962 44.0 40.0 10.0 94.0 5.0 1.0 
Fertilized 1961 8.8 68.8 77.6 22.4 -
1962 46.0 50.0 96.0 2.5 1.5 
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Table 48 (Continued). 
Keswick - Fall 
Site Treatment Year Bluegrass Other Legume Total Bare Weed i 
grass economic ground brusl 
Elliott None 1961 5.0 80.0 85.0 10.0 5.0 
1962 5.0 - 35.0 40.0 17.5 42.5 
Fertilized 1961 10.0 - 10.6 20.6 35.0 44.4 
1962 12.5 - 35.0 47.5 30.0 22.5 
Schoeni None 1961 70.0 30.0 
1962 5.0 27.5 2.5 35.0 55.0 10.0 
Fertilized 1961 - 27.2 - 27.2 72.2 0.6 
1962 5.0 25.0 
-
30.0 62.5 7.5 
Sirdoreus None 1961 16.3 16.3 61.8 21.9 
1962 27.5 22.5 5.0 55.0 30.0 15.0 
Fertilized 1961 80.3 - — 80.3 19.0 0.7 
1962 76.5 - - 76.5 22.5 1.0 
Crawford None 1961 18.8 12.9 31.7 60.3 8.0 
1962 20.0 15.0 - 35.0 50.0 15.0 
Fertilized 1961 41.3 5.0 — 46.3 45.0 8.7 
1962 40.0 39.0 - 79.0 20.0 1.0 
Blair None 1961 16.6 16.6 25.0 58.4 
1962 20.0 10.0 5.0 35.0 47.5 17.5 
Fertilized 1961 91.8 - - 91.8 6.9 1.3 
1962 80.0 6.5 - 86.5 10.0 3.5 
Mounts None 1961 9.4 9.4 75.0 15.6 
1962 10.0 12.5 2.5 25.0 50.0 25.0 
Fertilized 1961 
1962 
Chapman None 1961 8.1 16.6 24.7 18.1 57.2 
1962 7.5 — — 7.5 5.0 87.5 
Fertilized 1961 65.3 1.0 0.3 66.6 33.4 -
1962 77.5 9.5 - 87.0 12.5 0.5 
Johnston None 1961 4.1 4.1 16.6 79.3 
1962 5.0 5.0 - 10.0 5.0 85.0 
Fertilized 1961 47.8 17.8 3.1 68.7 20.0 11.3 
1962 42.5 22.5 - 65.O 27.5 7.5 
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APPENDIX B. ANALYSIS OF VARIANCE OF COMPONENTS OF COVER IN SOUTHERN 
IOWA PASTURES AND CHANGE IN PERCENT COVER BY FERTILIZATION 
Table 49. Analysis of variance percent bluegrass cover in southern 
Iowa pastures 
Source 
Arc-
d.f. 
sine transformation 
Sum of squares Mean square F 
Total 332 23.394? 
Area la .1647 .1647 7.19** 
Soils 1 1.6279 1.6279 71.08** 
S x A 1 .5354 .5354 23.37** 
Loc/Area 18 10.9085 .6060 7.73** 
L/Area 1 8 8.6249 1.0781 13.76** 
L/Area 2 10 2.2836 .2283 2.91* 
L/A x S 18 1.4103 .0783 3.42** 
p/f/s/a 293 8.?479 .0229 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
^Significant at the .05 probability level. 
""""Significant at the .01 probability level. 
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Table 50. Analysis of variance percent other grass cover in southern 
Iowa pastures 
Source 
Arc-sine 
d.f. Sum. 
transformation 
of squares Mean square f 
Total 332 14.7328 
Area la 2.6384 2.6384 118.80** 
Soils 1 • 5512 .5512 24.83** 
S x A 1 .4837 .4837 21.78** 
Loc/Areas 18 3.1526 .1751 2.27* 
Loc/Area 1 8 1.7423 .2178 2.82* 
Loc/Area 2 10 1.4103 .1410 1.82n.s. 
L/A x S 18 1.3898 .0772 3.47** 
p/f/s/a 293 6.5171 .0222 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
""Significant at the .05 probability level. 
""''Significant at the .01 probability level. 
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Table $1. Analysis of variance percent legume cover in southern 
Iowa pastures 
Source 
Arc-sine 
d.f. Sum 
transformation 
of squares Mean square F 
Total 332 20.0933 
Area la 3.3340 3.3340 112.63** 
Soils 1 .2603 .2603 8.79** 
S x A 1 .0711 .0711 2.40n.s 
Loc/Areas 18 5.5793 .3099 2.57* 
Loc/Area 1 8 3.8319 .4790 3.97** 
Loc/Area 2 10 1.7474 .174 7 1.45n.s 
L/A x S 18 2.1706 .1206 4.07** 
P/F/A/S 293 8.6780 .0296 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
""Significant at the .05 probability level. 
* ""Significant at the .01 probability level. 
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Table 52. Analysis of variance percent cover total economic species in 
southern Iowa pastures 
Source 
Arc-sine 
d.f. Sum 
transformation 
of squares Mean square F 
Total 332 32.0931 
Area la 8.648? 8.6487 286.38** 
Soils 1 4.1014 4.1014 135.80** 
S x A 1 .6713 .6713 22.22** 
Loc/Area 18 8.0611 .4478 4.55** 
Loc/Area 1 8 4.6951 .5869 5.96** 
Loc/Area 2 10 3.3660 .3366 3.42** 
L/A x S 18 1.7730 .0985 3.26** 
P/F/A/S 293 8.8376 .0302 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
**Significant at the .01 probability level. 
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Table 53» Analysis of variance open ground in southern Iowa pastures 
Source 
Arc-sine 
d.f. Sum 
transformation 
of squares Mean square F 
Total 332 23.4309 
Area la 5.8484 5.8484 220.69** 
Soils 1 I.9716 1.9716 74.40** 
S x A 1 .2081 .2081 7.85** 
Loc/Area 18 5.4882 .3049 2.56* 
Loc/Area 1 8 3.6366 .4546 3.81** 
Loc/Area 2 10 1.8516 .1852 1.55n.s. 
L/A x S 18 2.1462 .1192 4.49** 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
""Significant at the .05 probability level. 
* ""Significant at the .01 probability level. 
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Table 54. Analysis of variance of weeds and brush in southern Iowa 
pastures 
Source 
Arc-sine 
d.f. Sum, 
transformation 
of squares Mean square f 
Total 332 12.3930 
Area la .9004 .9004 43.08** 
Soils 1 .8083 .8083 38.67** 
S x A 1 .0920 .0920 4.40* 
Loc/Area 18 3.3923 .1885 3.16** 
Loc/Area 1 8 1.7492 .2186 3.67* 
Loc/Area 2 10 1.6431 .1643 2.76* 
L/A x S 18 1.0716 .0595 2.85** 
p/f/a/s 293 6.1284 .0209 
aArea 1 - Grundy-Clarinda. 
Area 2 - Weller-Keswick. 
^Significant at the .05 probability level. 
""^Significant at the .01 probability level. 
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Table 55• Analysis of variance change in percent bluegrass in cover 
with fertilization in 1962 
Source 
Arc-
d.f. 
-sine transformation 
Sum of squares Mean square F 
Total 75 28,099.05 
Area 1 1,687.17 1,687.17 8.21** 
Soil 1 9.03 9.03 n.s. 
Time 1 647.13 647.13 3.l4n.s 
A x S 1 1,344.33 1,344.33 6.54* 
A x T 1 2.88 2.88 n.s. 
S x T 1 129.51 129.51 n.s. 
A x S x T 1 1,195.88 1,195.88 5.82* 
Loc/Area 17 9,265.40 545.02 n.s. 
L/A x S 17 6,829.13 401.71 n.s. 
Error 34 6,988.59 205.55 
^Significant at the .05 probability level. 
^Significant at the .01 probability level. 
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Table 56. Analysis of variance change in percent bluegrass in cover 
with fertilization in 1961 
Source 
Arc-
d.f. 
-sine transformation 
Sum. of squares Mean square F 
Total 75 57,613.56 
Area 1 506.89 506.89 n.s. 
Soil 1 3,549.74 3,549.74 8.07** 
Time 1 6,404.70 6,404.70 14.57** 
A x S 1 . 918.83 918.83 2.09n.s. 
A x T 1 1,629.52 1,629.52 3.71n.s. 
S x T 1 3,647.06 3,647.06 8.29** 
A x S x T 1 451.70 451.70 n.s. 
Loc/Area 17 18,002.44 1,058.97 2.38* 
L/A x S 17 7,559.66 444.69 n.s. 
Error 34 14,942.99 439.50 
""Significant at the .05 probability level. 
"""Significant at the .01 probability level. 
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Table 57. Analysis of variance change in percent other grasses 
with fertilization in 1962 
cover 
Arc--sine transformation 
Source d.f. Sum of squares Mean square F 
Total 75 19,922.86 
Area 1 439.37 439.37 3.l8n. 
Soil 1 367.88 367.88 2.66n. 
Time 1 3,707.92 3,707.92 26.86** 
A x S 1 59.01 59.01 n.s. 
A x T 1 2.04 2.04 n.s. 
S x T 1 791.02 791.02 5-73* 
A x S x T 1 659.15 659.15 4.77* 
Loc/Area 17 2,449.23 144.07 n.s. 
L/a x S 17 6,754.51 397.32 2.88** 
Error . 3 4  4,692.73 138.02 
*Significant at the .05 probability level. 
"^Significant at the .01 probability level. 
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Table 58. Analysis of variance change in percent other grass in cover 
with fertilization in 1961 
Arc-•sine transformation 
Source d.f. Sum: of squares Mean square F 
Total 75 33,896.20 
Area 1 6.62 6.62 n.s. 
Soil 1 60.95 60.95 n.s. 
Time 1 592.82 592.82 6.91* 
A x S 1 2.91 2.91 n.s. 
A x T 1 30.61 30.61 n.s. 
S x T 1 110.84 110.84 n.s. 
A x S x T 1 99.44 99.44 n.s. 
Loc/Area 17 18,280.89 1,075-35 n.s. 
L/A x S 17 11,795.95 693.88 8.09** 
Error 34 2,915.18 85.74 
*Significant at the .05 probability level. 
""^Significant at the .01 probability level. 
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Table 59. Analysis of variance change in percent legumes in cover 
with fertilization in 1962 
Source 
Arc-
d.f. 
-sine transformation 
Sum. of squares Mean squares F 
Total 75 14,356.72 
Area 1 1,382.63 1,382.63 11.84** 
Soil 1 345.53 345.53 2.96n.s 
Time 1 .11 .11 n.s. 
A x S 1 366.40 366.40 3.13n.s 
A x T 1 102.01 102.01 n.s. 
S x T 1 4.33 4.33 n.s. 
A x S x T 1 159.91 159.91 n.s. 
Loc/Area 17 5,821.32 342.43 2.64* 
L/A x S 17 2,202.82 129.58 n.s. 
Error 34 3,971.67 116.81 
""Significant at the .05 probability level. 
""^Significant at the .01 probability level. 
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Table 60. Analysis of variance change in percent legume in cover 
with fertilization in 1961 
Source 
Arc-
d.f. 
-sine transformation 
Sum, of squares Mean square F 
Total 75 24,123.71 
Area 1 499.01 499.01 2.99n.s 
Soil 1 20.63 20.63 n.s. 
Time 1 655.97 655.97 3.93n.s 
A x S 1 128.21 128.21 n.s. 
A x T 1 18.68 18.68 n.s. 
S x T 1 82.78 82.78 n.s. 
A x S x T 1 2.43 2.43 n.s. 
Loc/Area 17 11,382.54 669.56 2.01n.s, 
L/A x S 17 5,662.70 333-10 1.99* 
Error 34 5,670.76 166.79 
""Significant at the .05 probability level. 
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Table 61. Analysis of variance change in total economic cover with 
fertilization in 1962 
Source 
Arc-
d.f. 
-sine transformation 
Sum of squares Mean square F 
Total 75 27,998.37 
Area 1 4,502.70 4,502.70 29.63** 
Soil 1 378.59 378.59 2.49n.s 
Time of year 1 1,591.18 1,591.18 10.47** 
A x S 1 700.88 700.88 4.61* 
A x T 1 98.05 98.05 n.s. 
S x T 1 540.24 540.24 3.55n.s 
A x S x T 1 94.87 94.87 n.s. 
Loc/Area 17 9,255.93 544.47 n.s. 
L/A x S 17 5,670.42 333.55 2.19* 
Error 34 5,165.50 151.93 
""Significant at the .05 probability level. 
""^Significant at the .01 probability level. 
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Table 62. Analysis of variance change in total economic cover with 
fertilization in 1961 
Source 
Arc-
til.f. 
•sine transformation 
Sum of squares Mean square F 
Total 75 40,476.32 
Area 1 761.91 761.91 8.75** 
Soil 1 3,538.35 3,538.35 40.67** 
Time of year 1 4,692.89 4,692.89 53.94** 
A x S 1 589.28 589.28 6.77* 
A x T 1 2,030.58 2,030.58 23.34** 
S x T 1 1,499.39 1,499.39 17.23** 
A x S x T 1 766.50 766.50 8.81** 
Loc/Area 17 16,447.80 967.51 2.28* 
L/A x S 17 7,191.56 423.03 4.86** 
Error 34 2,958.06 87.00 
^Significant at the .05 probability level. 
"""Significant at the .01 probability level. 
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Table 63. Analysis of variance change in percent open ground with 
fertilization in 1962 
Source d.f, 
Arc-sine transformation 
Sum of squares Mean square F 
Total 75 19,962.73 
Area 1 363.14 363.14 2.30n.s 
Soil 1 1.59 1.59 n.s. 
Time 1 4,140.77 4,140.77 26.31** 
A x S 1 1,044,44 1,044.44 6.64* 
A x T 1 49.04 49.04 n.s. 
S x T 1 0.10 0.10 n.s. 
A x S x T 1 5.63 5.63 n.s. 
Loc/Area 17 3,749.52 220.56 n.s. 
L/a x S 17 5,258.49 309.32 1.96* 
Error 34 5,350.00 157.35 
*Significant at the .05 probability level. 
**Significant at the .01 probability level. 
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Table 64. Analysis of variance change in percent open ground with 
fertilization in 1961 
Arc-sine transformation 
Source d.f. Sum. of squares Mean square F 
z 
Total 75 36,921.77 
Area 1 148.62 148.62 n.s. 
Soil 1 2,449.10 2,449.10 7.78* 
Time 1 5,523.18 5,523.18 17.56** 
A x S 1 47.05 47.05 n.s. 
A x T 1 4,244.70 4,244.70 13.49** 
S x T 1 76.26 76.26 n.s. 
A x S x T 1 73.12 73.12 n.s. 
Loc/Area 17 7,949.82 467.64 n.s. 
L/A x S 17 5,715.26 336.19 n.s. 
Error 34 10,694.66 314.55 
'"Significant at the .05 probability level. 
^Significant at the .01 probability level. 
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Table 65. Analysis of variance change in percent weeds and brush in cover 
with fertilization in 1962 
Source 
Arc-
d.f. 
•sine transformation 
Sum. of squares Mean square F 
Total 75 23,266.43 
Area 1 4,916.99 4,916.99 40.56** 
Soil 1 190.49 190.49 n.s. 
Time 1 409.99 409.99 3.38n.s. 
A x S 1 4.50 4.50 n.s. 
A x T 1 108.50 108.50 n.s. 
S x T 1 326.07 326.07 n.s. 
A x S x T 1 120.82 120.82 n.s. 
Loc/Areas 17 7,003.20 411.95 n.s. 
L/A x S 17 6,064.05 356.71 2.94** 
Error 34 4,121.82 121.23 
^Significant at the .01 probability level. 
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Table 66. Analysis of variance change in percent weeds and brush in cover 
with fertilization in 1961 
Arc-sine transformation 
Source d.f. Sum of squares Mean square F 
Total 75 23,116.15 
Area 1 1,460.50 1,460.50 18.69** 
Soil 1 1.81 1.81 n.s. 
Time 1 55.35 55.35 n.s. 
A x S 1 21.77 21.77 n.s. 
A x T 1 1,084.71 1,084.71 13.88** 
S x T 1 224.56 224.56 2.87n.s 
A x S x T 1 30.36 30.36 n.s. 
Loc/Area 17 12,201.17 717.72 2.27n.s 
L/A x S 17 5,379.07 316.42 4.05** 
Error 34 2,656.84 78.14 
"^Significant at the .01 probability level. 
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APPENDIX C. CHEMICAL PROPERTIES OF SOILS USED IN THIS STUDY 
Table 67. Chemical properties of Grundy silt loam soils 
Avail- Avail-* 
Nitro-a able able 
Total gen pro- phos- potas- C.E.C. Base 
Depth nitro- duction phorus slum m.e./ satura-
Location inches gen $ lbs./A lbs./A lbs./A PH 100 gnution # 
Grundy silt loam 0-3 .437 161 26.5 384 6.8 20.09 100 
Kyner 3-11 .283 67 12.0 400 6.8 23.96 83 
11-14 .184 24 2.5 53 5.9 22.72 
14-20 .107 5 1.0 39 6.0 29.29 
20-33 .094 4 1.0 45 6.6 30.18 
33-45 .092 - 2.0 33 6.9 18.64 
Grundy silt loam 0-3 .402 156 1.7 315 5.5 22.19 78 
McNay 3-6 .290 63 0.7 80 5.5 20.41 66 
6-12 .215 37 2.0 49 5.7 21.48 
12-14 .146 4 1.0 56 5.8 21.48 
14-21 .073 2 0.5 33 6.0 23.25 
21-35 .061 2 0.5 33 6.3 29.47 
35-45 .017 - 3.0 28 6.8 27.51 
45-57 .022 - 2.5 36 6.9 29.29 
Grundy silt loam 0-3 .450 100 1.5 324 5.9 26.53 72 
Hood 3-11 .346 57 1.0 146 5-7 26.02 68 
11-14 .227 8 0.5 63 6.0 32.91 
14-23 .116 4 0.5 52 6.1 25.67 
23-34 .105 3 1.0 47 6.3 28.07 
34-43 .045 - 0.5 40 6.8 29.45 
43-50 .031 0.5 37 6.9 24.12 
Grundy silt loam 0-3 .387 116 1.2 400 5-6 18.64 74 
Page 3-6 .345 61 1.0 238 5.7 20.82 77 
6-13 .215 19 0.7 155 5.8 19.88 
13-18 .220 11 0.5 67 5.9 20.77 
18-24 .147 6 0.7 45 6.1 21.30 
24-30 .076 - 5.0 40 6.4 28.76 
30-36 .058 - 3.5 38 6.6 28.05 
36-48 .026 - 1.2 34 6.9 24.68 
^Determinations made on wet samples. 
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Table 67 (Continued). 
Avail- Avail~a 
Nitro-a able able 
Total gen pro- phos- potas- C.E.C. Base 
Depth nitro- duction phorus slum m.e./ satura-
Location inches gen # lbs./A lbs./A lbs./A PH 100 gm. tion i> 
Grundy silt loam 0-3 .493 160 20.0 400 5.9 24.23 92 
Shelby-Grundy 3-11 .374 81 18.2 400 5*8 23.08 82 
11-16 .205 45 8.7 197 5.8 25.21 
16-22 .132 16 3.5 150 6.0 28.76 
22-28 .140 11 1.2 76 6.4 28.40 
28-38 .073 — 0.5 42 6.8 27.55 
38-46 .045 - 0.5 44 7.1 23.33 
46-52 .041 - 0.5 32 7.2 23.50 
Grundy silt loam 0-3 .248 90 1.0 82 6.0 20.77 70 
Edwards 3-9 .202 36 1.2 48 5.7 19.70 49 
9-14 .126 3 0.5 40 5.8 18.28 
14-20 .096 2 0.5 44 6.0 20.24 
20-25 .118 1 0.5 56 6.1 28.22 
25-37 .053 — 0.7 41 6.5 30.41 
37-52 .043 - 9.5 39 6.9 26.27 
Grundy silt loam 0-3 .267 101 2.5 336 ,5.9 20.22 76 
Pontier 3-7 .247 45 1.2 132 5.6 20.59 63 
7-12 .227 13 1.0 46 5.8 27.72 
12-16 .154 10 0.5 43 6.0 23.07 
16-20 .141 12 0.5 30 6.0 26.52 
20-29 .094 10 0.5 44 6.2 28.24 
29-41 .066 — 1.0 33 6.7 25.31 
41-54 .075 - 2.0 33 6.9 25.31 
Grundy silt loam 0-3 .404 192 4.2 382 6.9 28.51 91 
Nicholson 3-6 .246 72 1.0 107 5.9 24.47 67 
6-14 .215 38 0.7 60 5.7 21.43 
14-19 .171 11 0.5 42 5.9 24.85 
19-26 .116 4 0.5 45 6.2 29.82 
26-40 .079 — 1.5 38 6.4 31.95 
40-47 .079 — 1.2 34 6.9 26.80 
47-60 .082 - 5.2 40 7.0 27.16 
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Table 68. Chemical properties of Clarinda silt loam soils 
Avail- Avail-* 
Nitro-* able able 
Total gen pro- phos- potas- C.E.C. Base 
Depth nitro- duction phorus sium m.e./ satura-
Location inches gen /£ lbs./A lbs./A lbs./A PH 100 gm.tion $ 
Clarinda silt loam 0-3 .225 198 2.7 396 5.8 24.80 73 
Page 3-6 .334 89 1.0 388 5.5 21.08 64 
6-13 - • — - - — 
13-17 .171 27 0.7 154 5.8 18.14 
17-20 .149 11 0.5 77 6.0 21.25 
20-26 .089 7 0.5 70 6.0 25.49 
26-32 .092 — 0.5 49 6.2 35-82 
32-38 .045 - 0.5 33 6.9 31.00 
Clarinda silt loam 0-3 .295 153 1.2 100 7.4 30.71 57 
Kyner 3-6 .222 93 1.2 68 6.9 22.72 91 
6-11 .106 11 1.0 46 5.7 21.66 
11-16 .137 3 1.2 55 6.3 24.8 5 
16-22 .053 3 0.5 42 5.6 19.88 
22-36 .050 - 0.5 37 5.6 32.83 
36-46 .025 - 0.5 42 5.9 31.28 
Clarinda silt loam 0-3 .464 134 2.0 374 6.3 23.61 65 
Hood 3-11 .497 67 1.0 225 6.0 25.66 69 
11-16 .207 12 0.5 56 5.9 24.90 
16-22 .161 6 0.5 47 5.9 24.81 
22-29 .132 6 0.5 45 5-3 27.91 
29-38 .065 — 0.5 35 5.4 30.43 
38-54 .036 - 0.5 . 34 6.4 32.05 
Clarinda silt loam 0-3 .323 112 3.2 227 5.8 23.89 65 
Shelby-Grundy 3-11 .283 64 1.5 78 5.5 21.55 62 
11-16 .126 9 1.0 24 5.6 20.16 
16-22 .093 6 0.5 20 5.7 24.32 
22-28 .096 4 0.5 26 5.8 28.14 
28-34 .102 — 0.5 33 6.3 26.52 
34-38 .094 — 0.5 33 6.9 23.08 
38-44 .091 - 0.5 34 7.5 37.45 
^Determinations made on wet samples. 
Table 68 (Continued). 
Avail­ Avail-3 
Nitro-a able able 
Total gen pro­ phos­ potas­ C.E.C. Base 
Depth nitro­ duction phorus sium m.e./ satura­
Location inches gen $ lbs./A lbs./A lbs./A PH 100 gm. tion $ 
Clarinda silt loam 0-3 .316 181 2.0 248 6.1 23.94 76 
Pontier 3-8 .225 61 1.0 117 5.7 20.91 81 
8-12 .171 18 0.7 51 5-7 23.67 
12-16 .089 12 0.5 39 5.8 28.76 
16-24 .083 12 0.5 31 5.9 27.30 
24-36 .075 — 0.5 24 6.6 31.68 
36-48 .041 
- 0.5 20 7.4 31.75 
Clarinda silt loam 0-3 .298 80 1.2 346 4.8 22.23 56 
Nicholson 3-6 .283 41 0.5 270 5.7 24.29 48 
6-11 .265 13 0.5 241 5.8 22.04 
11-16 .142 4 0.5 192 5.8 23.43 
16-20 .103 4 0.5 72 5.9 27.57 
20-29 .106 3 0.5 40 6.0 25.23 
29-42 .045 — 0.5 37 6.2 28.17 
42-53 .096 - 0.5 35 6.9 30.93 
Clarinda silt loam 0-3 .205 58 1.2 165 5.8 22.72 72 
Edwards 3-8 .139 8 0.5 63 5.8 22.19 65 
8-14 .104 4 0.5 40 6.0 27.34 
14-24 .045 3 0.5 34 6.2 30.00 
24-36 .033 0.5 28 7.1 26.80 
36-48 .040 — 0.5 23 7.5 25.92 
48-60 .013 - 0.5 38 7.6 32.13 
Clarinda silt loam 0-3 .399 153 1.5 259 5.3 32.31 49 
McNay 3-6 .265 49 0.5 87 5.3 25.74 77 
6-9 .182 11 0.5 67 5.5 29.82 
9-17 .089 3 0.5 41 5.6 31.60 
17-29 .053 3 0.5 31 5.8 24.50 
29-40 .038 — 0.5 31 6.2 30.00 
40-56 .017 - 0.5 22 6.8 18.11 
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Table 69. Chemical properties of Weller silt loam soils 
Avail- Avail-3 
Nitro-a able able 
Total gen pro- phos- potas- C.E.C. Base 
Depth nitro- duction phorus sium m.e./ satura-
Location inches gen $ lbs./A lbs./A lbs./A PH 100 gm.tion $ 
Weller silt loam 0-3 .371 164 7.0 400 5.4 14.02 86 
Albia exp. farm 3-5 .229 72 1.5 400 4.7 14.20 85 
5-11 .159 21 1.2 396 4.8 15.21 
11-19 .075 7 0.5 277 4.7 16.59 
19-26 .066 5 0.5 116 5.0 29.72 
26-38 .050 — 3.0 52 5.1 25.06 
38-48 .040 
- 24.0 38 5.2 22.72 
Weller silt loam o-3 .286 200 2.5 163 5.6 13.13 81 
Crawford 3-5 .121 39 1.0 42 5.1 22.46 28 
5-10 .139 13 1.0 50 4.9 24.36 
10-17 .085 7 0.5 99 4.8 18.84 
17-24 .041 8 5.0 25 5.0 27.30 
24-31 .046 - 1.7 43 5.0 25.23 
31-37 .046 — 10.0 24 5.1 28.51 
37-46 .079 — 19.0 26 5.2 35.94 
46-56 .043 - 28.0 28 5.4 31.88 
Weller silt loam 0-3 .289 84 2.2 400 6.6 13.48 54 
Mounts 3-7 .091 28 1.0 400 5.5 15.03 35 
7-12 .103 17 2.0 171 4.9 10.37 
12-18 .053 13 5-2 53 4.8 20.74 
18-32 .077 14 17.5 31 4.9 31.10 
32-42 .055 - 27.0 28 5.1 11.06 
42-52 .050 - 32.0 34 5.3 36.63 
Weller silt loam 0-3 .169 79 0.5 73 7.3 17.63 63 
Elliott 3-6 .149 46 0.5 47 6.7 22.29 89 
6-9 .101 12 0.5 36 5.9 16.93 
9-16 .089 6 0.5 28 5.4 16.93 
16-20 .078 3 0.5 31 5.1 40.61 
20-36 .063 3 0.5 29 5.2 34.73 
36-46 .046 - 9.0 34 5.8 36.12 
Weller silt loam 0-3 .298 118 2.5 400 6.1 18.32 90 
Gonterman 3-5 .152 52 1.7 388 5.4 12.44 51 
5-10 .167 15 1.2 350 5.0 15.03 
10-18 .097 19 1.0 146 4.9 21.43 
18-32 .091 9 1.0 32 5.0 33.00 
32-42 .033 - 20.0 30 5.1 27.13 
42-52 .033 - 26.0 40 5.4 39.74 
^Determinations made on wet samples. 
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Table 69 (Continued). 
Avail- Avail-a 
Nitro-a able able 
Total gen pro- phos- potas- C.E.C. Base 
Depth nitro- duction phorus sium m.e./ satura-
Location inches gen % lbs./A lbs./A lbs./A PH 100 gm.tion % 
Weller silt loam 0-3 .224 61 1.2 152 5.9 16.07 66 
Schoeni 3-6 .198 34 1.2 60 5.9 14.69 56 
6-9 .071 15 0.7 31 5.5 16.07 
9-13 .108 14 0.5 30 5.3 19.01 
13-19 .053 11 0.5 31 5.2 30.93 
19-32 .070 13 0.7 27 5.1 34.21 
32-42 .090 
- 5.0 32 5.5 22.12 
Weller silt loam 0-3 .194 107 6.0 148 6.2 12.47 97 
Sirdoreus 3-6 .095 35 0.5 39 5.6 11.58 71 
6-10 .061 13 0.5 36 5.2 28.34 
10-16 .069 9 4.7 34 5.0 30.24 
16-23 .032 8 7.0 32 5.0 33.87 
23-30 .014 - 9.0 34 5.0 35.94 
30-40 .07 7 - 3.5 37 5.1 25.40 
Weller silt loam o-3 .246 123 2.0 78 7.3 18.66 98 
Burchett 3-6 .192 52 0.5 38 6.6 34.21 81 
6-11 .167 19 0.5 33 5.8 21.25 
11-17 .146 9 0.5 33 5.7 23,85 
17-24 .140 3 0.5 28 5.7 38.02 
24-32 .103 — 8.0 25 6.1 29.38 
32-45 .113 - 1.2 36 7.1 26.78 
Weller silt loam 0-3 .295 149 1.2 98 6.4 17.28 89 
Chapman 3-5 .169 41 1.0 39 6.0 15.38 69 
5-9 .163 24 0.7 42 5.7 36.61 
9-16 .142 9 0.7 45 5.3 20.22 
16-25 .058 5 0.5 40 5.2 25.75 
25-36 .056 8.5 50 5.7 21.83 
36-45 - - 0.5 62 6.7 -
Weller silt loam 0-3 .210 78 3.0 96 5-3 15.90 67 
Blair 3-5 .187 48 1.7 50 5.0 10.20 57 
5-10 .099 28 1.0 45 5.1 21.77 
10-16 27 0.5 28 5.2 37.84 
16-28 .042 28 2.7 25 5.3 29.54 
28-36 .031 14.0 37 6.0 23.33 
36-46 • — - 4.0 64 6.7 22.64 
Weller silt loam o-3 .171 58 0.7 60 5.3 13.48 47 
Johnston 3-7 .131 22 0.5 38 5.3 17.11 65 
7-13 .071 9 0.5 37 5.3 19.01 
13-19 .0 65 9 0.5 39 5.3 28.68 
19-24 .058 8 0.5 36 5.4 24.54 
24-34 .035 - 3.5 42 5.8 26.09 
34-45 .038 - 0.5 51 7.2 20.39 
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Table 70. Chemical properties of Keswick silt loam soils 
Avail­ Avail-* 
Nitro-a able able 
Total gen pro­ phos­ potas­ C.E.C. Base 
Depth nitro­ duction phorus sium m.e./ satura­
Location inches gen % lbs./A lbs./A lbs./A PH 100 em. tion % 
Keswick silt loam 0-3 .351 132 2.7 192 6.3 20.91 72 
Burchett 3-6 .228 15 0.5 36 5.7 21.08 48 
6-10 .227 7 0.5 28 5.4 22.98 
10-15 .145 6 0.5 29 5.4 33.18 
15-29 .103 9 1.2 24 5.7 31.80 
29-36 .088 — 0.5 38 6.2 28.51 
36-46 .082 - 0.5 47 7.0 27.30 
46-56 .009 
- 0.5 50 7.2 24.19 
Keswick silt loam 0-4 .291 57 1.0 80 5.7 12.79 76 
Gonterman 4-7 .160 14 0.5 29 5.5 32.31 30 
7-12 .110 13 0.5 26 5-3 16.59 
12-19 .108 9 0.5 24 5.1 21.52 
19-33 .061 16 0.5 26 5.1 21.43 
33-43 .062 - 0.5 28 5.1 22.98 
Keswick silt loam 0-3 .283 57 0.5 46 5.7 15.98 69 
Albia 3-6 .156 25 0.5 28 5.8 14.20 51 
6-9 .162 11 0.7 25 5.8 13.67 
9-16 .121 10 0.5 26 5.5 12.25 
16-19 .061 4 0.5 25 5.3 14.73 
19-26 .040 3 0.5 38 5.2 20.59 
26-36 .053 - 0.5 38 5.1 37.32 
36-45 .025 - 0.5 59 5.8 29.11 
Keswick silt loam 0-3 .276 89 0.5 141 6.5 19.70 81 
Elliott 3-6 .174 14 0.5 59 5.8 25.23 78 
6-8 .136 6 0.5 40 5.4 29.89 
8-16 .075 4 0.5 36 5.3 34.91 
16-26 .100 4 0.5 32 5.3 27.13 
26-34 .082 - 0.5 35 5.3 20.91 
34-50 .071 - 0.5 33 5.5 17.97 
50-60 .072 - 0.5 4i 5.8 20.91 
Keswick silt loam 0-3 .159 12 0.5 176 5.8 15.03 71 
Schoeni 3-5 .106 32 0.5 105 5.5 19.70 75 
5-7 .068 14 0.5 51 5-5 17.63 
7-10 .124 11 0.5 38 5.4 23.67 
10-16 .117 6 0.5 39 5.3 31.97 
16-22 .095 8 0.5 25 5.3 31.10 
22-32 .090 - 0.5 24 5.4 17.97 
32-42 .090 — 0.5 18 5.9 14.17 
42-46 .041 - 0.5 25 6.2 14.00 
^Determinations made on wet samples. 
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Table 70 (Continued). 
Avail- Avail-6 
Nitro-a able able 
Total gen pro­ phos­ potas­ C.E.C. Base 
Depth nitro­ duction phorus sium m.e./ satura 
Location inches gen $> lbs./A lbs./A lbs./A PH 100 em. tion % 
Keswick silt loam 0-3 .147 61 1.5 223 5-7 14.17 71 
Sirdoreus 3-6 .061 9 1.5 110 5.3 16.93 86 
6-10 .038 12 1.7 54 5.1 16.07 
10-17 .072 12 0.5 45 4.9 50.63 
17-30 .053 7 1.0 30 4.8 34.56 
30-40 .022 - 2.7 30 5.0 16.07 
40-50 .027 - 5.0 22 5.0 22.64 
Keswick silt loam 0-4 .305 183 1.5 354 6.0 17.80 84 
Crawford 4-7 .091 25 0.7 174 5.5 13.82 42 
7-10 .076 12 1.2 97 5.3 23.67 
10-16 .051 10 1.2 71 5.2 16.59 
16-25 .032 11 0.5 24 5.1 28.98 
25-32 .023 — ' 0.5 20 5.4 32.49 
32-42 .025 » 0.5 37 6.7 31.10 
42-52 .028 - 0.5 56 7.0 33.70 
Keswick silt loam 0-3 .217 73 1.2 47 5.8 16.07 60 
Blair 3-6 .128 22 0.7 25 5.5 18.32 45 
6-9 .086 15 0.5 24 5.2 24.54 
9-16 .070 12 0.5 24 5.0 29.55 
16-26 .070 14 0.5 21 5.1 29.72 
26-32 .036 - 0.5 17 5.2 24.54 
32-42 .030 - 0.5 19 5.3 25.23 
Keswick silt loam 0-3 .251 134 1.5 394 5.6 12.44 62 
Mounts 3-6 .094 24 0.5 139 5.4 11.40 72 
6-9 .060 13 0.5 31 5.2 19.76 
9-15 .066 15 0.5 29 6.7 17.45 
15-28 .029 15 0.5 14 5.2 34.90 
28-40 .027 - 0.5 17 5.7 20.91 
Keswick silt loam 0-3 .254 23 1.2 91 5.4 13.13 48 
Chapman 3-5 .198 14 0.5 50 5.3 12.61 77 
5-9 .118 12 0.5 43 5.2 25.06 
9-17 .083 9 0.5 38 5.2 25.75 
17-21 .061 6 0.5 25 5.1 31.62 
21-30 .065 - 0.5 25 5.0 26.63 
30-42 .066 • 0.5 35 5.2 21.48 
42-50 .040 - 0.5 39 5.3 20.91 
Keswick silt loam 0-3 .283 93 1.7 142 5.6 21.77 63 
Johnston 3-5 .197 36 1.7 89 5.3 23.85 69 
5-9 .182 18 3.0 75 5.2 23.50 
9-16 .131 6 7.5 53 5.2 28.34 
16-22 .081 6 2.2 22 5.3 18.84 
22-36 .081 — 5.0 35 5.8 19.53 
36-45 .043 - 0.5 28 8.2 17.45 
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APPENDIX D. PROFILE DESCRIPTIONS OF SITES USED IN THIS STUDY 
Soil Type - Grundy silt loam 
Name - 0. L. Edwards farm 
Legal Description - 764 feet North and 113 feet West of SE corner of NE 
l/4 of Sect. 26, Union Twp., Lucas County. 
Slope - 3 percent convex 
Erosion - 2 
Aspect - East 
Present Vegetation - Approximately 37$ bluegrass, 15$ brome grass and 
timothy, 16$ white clover, 11$ quackgrass, 20$ open 
ground and 1$ weeds. 
Root Development 
a. Depth of Penetration - 37 inches 
b. Intensity - Root development and penetration is found through 
the Bj horizon. 
Profile description - Grundy silt loam 
A^ 0 to 10 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure; gradual boundary. 
Aj 10 to 14 inches, very dark brown (10 YR 2/2) friable silt loam; with 
few fine distinct dark yellowish-brown (10 YR 4/4) and few fine 
distinct black (10 YR 2/l) mottles; moderate medium granular structure; 
clear boundary. 
14 to 20 inches, dark grayish-brown (10 YR 4/2) slightly firm silty 
clay loam; with many medium and fine distinct yellowish-brown 
(10 YR 5/6) and (10 YR 5/8) mottles; moderate to strong fine sub-
angular blocky; thin discontinuous clay skins on the vertical ped 
faces; gradual boundary. 
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20 to 25 inches, mottled dark gray (10 YR 4/l) (55 percent) and 
yellowish-brown (10 YR 5/6) (45 percent) slightly plastic to firm 
heavy silty clay loam; with few fine distinct black (10 YR 2/l) 
mottles; strong medium to coarse sub-angular blocky structure; thin 
continuous clay skins on the ped faces; gradual boundary. 
25 to 37 inches, grayish-brown (10 YR 5/2) firm silty clay loam; 
with many coarse distinct yellowish-brown (10 YR 5/6) and many medium 
distinct black (10 YR 2/1) mottles; weak to moderate medium sub-
angular blocky structure ; thin continuous clay skins on all ped 
faces; gradual boundary. 
37 to 52 inches, light brownish-gray (10 YR 6/2) slightly firm silty 
clay loam; with many common medium distinct yellowish-brown (10 YR 5/6) 
mottles; numerous fine soft fe-mn concretions; massive (structureless). 
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Soil Type ~ Grundy silt loam 
Name - I.S.U. Grundy-Shelby Experimental Farm 
Legal Description - 1586 South and 129 feet East of the N.W. corner of 
the NE l/4 Sect. 34 Union Twp., Ringgold County. 
Slope - 3 percent convex 
Erosion - 1 
Aspect - South 
Present Vegetation - Approximately 48$ Blue grass, 1$ White Clover, 33$ 
Open Ground and 19$ Weeds, primarily dandelions. 
Root Development 
a. Depth of Penetration - 38 inches 
b. Intensity - There is a noticeable reduction in amount of roots 
below this depth. 
Profile description - Grundy silt loam. 
A^ 0 to 11 inches, very dark brown (10 YR 2/2) friable heavy silt loam; 
moderate fine granular structure; gradual boundary to A^. 
A3 11 to 16 inches, very dark brown (10 YR 2/2) friable silt loam; with 
few fine faint very dark grayish brown (10 YR 3/2) mottles; moderate 
fine granular structure; clear boundary. 
B^ 16 to 22 inches, dark grayish-brown (10 YR 4/2) slightly plastic silty 
clay loam; with maryr medium distinct very dark grayish brown (10 YR 3/2) 
mottles and few medium distinct yellowish-brown (10 YR 5/6) mottles; 
moderate fine sub-angular blocky structure which breaks down to strong 
fine granular structure, thin discontinuous, clay skins are found on 
vertical ped faces; clear boundary. 
Bgi 22 to 28 inches, mottled grayish brown (10 YR 4/2) and dark grayish-
brown (10 YR 5/2) plastic light silty clay; with many fine distinct 
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yellowish-brown (10 YR 5/6) mottles and many fine distinct dark gray 
(10 YR 4/l) mottles ; strong fine sub-angular blocky structure; definite 
thin continuous clay skins on the ped faces; clear boundary. 
28 to 38 inches, grayish-brown (10 YR 5/2) plastic silty clay; with 
many fine distinct yellowish-brown (10 YR 5/6) mottles and few fine 
distinct dark grayish-brown (10 YR 4/2) mottles; strong medium sub-
angular blocky structure ; with numerous fine medium-soft fe-mn con­
cretions ; thin continuous clay skins on all ped faces; clear boundary. 
38 to 46 inches, grayish-brown (10 YR 5/2) friable light silty clay 
loam with streaks of silt loam; with numerous fine distinct yellowish-
brown (10 YR 5/6) mottles and few fine distinct very pale brown 
(10 YR 7/4) mottles; weak fine sub-angular blocky structure; gradual 
boundary to C^. 
46 to 52 inches, gray (10 YR 5/l) friable heavy silt loam; with many 
coarse distinct yellowish-brown (10 YR 5/6) and brownish-yellow 
(10 YR 6/8) mottles; massive (structureless). 
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Soil Type - Grundy silt loam 
Name - B. R. Hood farm 
Legal Description - 73 feet North and 137 feet East of SW corner of 
Sect. 35 Franklin Twp., Clarke County. 
Slope - 2 percent convex 
Erosion - 1 
Aspect - Slightly north on crest of a NE-SW ridge 
Present Vegetation - Approximately 21$ blue grass, 54$ timothy and redtop, 
18$ white clover, 4$ open ground and 3$ Aristoda and 
other weeds. 
Root development 
a. Depth of Penetration - 40 inches 
b. Intensity - There is a sharp reduction in amount of roots below 
40 inches. 
Profile description - Grundy silt loam. 
A^ 0 to 11 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure; clear boundary. : 
kj 11 to 14 inches, black (10 YR 2/l) friable silt loam; with few fine 
faint very dark gray (10 YR 3/2) mottles; moderate medium coarse 
granular structure; clear boundary. 
8% 14 to 23 inches, dark gray (10 YR 4/l) slightly firm silty clay 
loam; with few medium distinct very dark grayish-brown (10 YR 3/2) 
mottles and few fine distinct yellowish-brown (10 YR 5/6) mottles; 
moderate fine sub-angular blocky structure; clear boundary. 
Bg 23 to 34 inches, grayish-brown (10 YR 5/2) moderate firm light 
silty clay; with many fine distinct yellowish-brown (10 YR 5/6) 
mottles and many medium distinct dark gray (10 YR 4/l) mottles; 
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strong medium sub-angular blocky structure ; clear boundary. 
34 to 43 inches, grayish brown (10 YR 5/2) friable silty clay loam; 
with numerous coarse distinct yellowish-brown (10 YR 5/6) mottles; 
weak coarse sub-angular blocky structure with pockets of clay and 
silt; with many fine soft fe-mn concretions; gradual boundary. 
43 to 50 inches light brownish-gray (10 YR 6/2) friable light silty 
clay loam; with many coarse distinct yellowish-brown (10 YR 5/6) 
mottles; massive (structureless). 
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Soil Type - Grundy silt loam 
Name - L. G. Kyner farm 
Legal Description - 794 feet West and 84 feet North of SE corner of SW 
l/4 Sect. 16 Richman Twp., Wayne County. 
Slope - 3 percent convex 
Erosion - 1 
Aspect - West-Northwest 
Present Vegetation - Approximately 21# bluegrass, 73i» white clover, 1$ 
sweet clover, 2# quackgrass and 3$ weeds. 
Root development 
a. Depth of Penetration - 34 inches 
b. Intensity - There is a marked reduction in root development in 
horizon. 
Remarks : The soil exhibits a tendency to a columnar structure indicating 
that the soil has had influences similar to that of the Edina 
soil, a prairie planosol, with which it is associated. 
Profile description - Grundy silt loam 
A^ 0 to 11 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure; clear boundary. 
11 to 14 inches, very dark brown (10 YR 2/2) friable heavy silt 
loam; with few fine faint black (10 YR 2/l) mottles; moderate fine 
granular structure; clear boundary. 
14 to 20 inches, grayish-brown (10 YR 5/2) friable silty clay loam; 
with few fine distinct yellowish-brown (10 YR 5/6) mottles and few 
fine distinct dark dray (10 YR 4/l) mottles; moderate to strong 
fine sub-angular blocky structure ; thin discontinuous clay skins 
on vertical ped faces; clear boundary. 
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Bg 20 to 34 inches, dark gray (10 YR 4/1) slightly firm light silty 
clay; with few medium distinct yellowish-brown (10 YR 5/6) mottles 
and few fine distinct very dark gray (10 YR 3/l) mottles; strong 
coarse sub-angular blocky with tendency toward columnar structure ; 
thin continuous clay skins on peds; clear boundary. 
B3-C1 34 to 46 inches, light brownish-gray (10 YR 6/2) slightly firm 
silty clay loam; with many coarse distinct yellowish-brown 
(10 YR 5/6) mottles ; many fine soft fe-mn concretions ; weak coarse 
sub-angular blocky grading to massive (structureless). 
Soil Type - Grundy silt loam 
Name - Olin Marquis Farm - Frank Pontier, operator. 
Legal Description - 341 feet East and 150 feet North of SW corner of SE 
l/4 Sect. I?» Jackson Twp., Clarke County. 
Slope - 4 percent convex 
Erosion - 2 
Aspect - West 
Present Vegetation - Approximately 23$ bluegrass, 19$ timothy and redtop, 
4$ white clover, 7$ lespedeza, 19$ open ground, 24$ 
ragweed and 5$ other weeds. 
Root Development -
a. Depth of Penetration - 29 inches 
b. Intensity - There is a sharp reduction in root development below 
the boundary. 
Remarks : This field was plowed in 1951 and renovated. The surface is 
somewhat more compacted than noted on other soils sampled. 
Profile description - Grundy silt loam. 
Ap 0 to 7 inches, black (10 YR 2/l) friable heavy silt loam; strong fine 
granular structure; abrupt boundary. 
A12 7 to 12 inches, black (10 YR 2/l) friable heavy silt loam; with few 
fine faint very dark brown (10 YR 2/2) mottles; moderate fine 
granular structure ; clear boundary. 
A3 12 to 16 inches, black (10 YR 2/l) friable light silty clay loam; 
with many coarse distinct very dark grayish brown (10 YR 3/2) mottles; 
moderate fine sub-angular blocky structure which breaks down to a fine 
granular structure; gradual boundary to B^. 
B^ 16 to 20 inches, dark gray (10 YR 4/1) friable silty clay loam; with 
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mairy medium distinct very dark brown (10 YR 2/2) mottles and few 
fine distinct yellowish-brown (10 YR 5/6) mottles; strong fine sub-
angular blocky structure thin discontinuous clay skins as vertical 
ped faces; gradual boundary to Bg. 
20 to 29 inches, dark grayish-brown (10 YR 5/2) slightly firm to firm 
silty clay; with many fine distinct yellowish-brown (10 YR 5/6) 
mottles and a few fine distinct very dark gray (10 YR 3/l) mottles; 
strong fine sub-angular blocky structure; continuous clay skins on 
the ped faces; gradual boundary to Bj. 
29 to 41 inches, dark grayish-brown (10 YR 4/2) slightly firm silty 
clay; with many fine distinct gray (10 YR 4/l) to dark gray 
(10 YR 5/l) mottles and few fine distinct yellowish-brown (10 YR 5/6) 
mottles; moderate medium sub-angular blocky structure; gradual 
boundary to 0%. 
41 to 5^ inches, light brownish-gray (10 YR 6/2) friable heavy silt 
loam; with many coarse distinct yellowish-brown (10 YR 5/6 to 5/8) 
mottles; massive (structureless). 
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Soil Type - Grundy silt loaua 
Name - I.S.D. McNay Memorial Farm 
Legal Description - 1,719 feet East and 75 feet North of SW corner of 
Sect. 5 Warren Twp., Lucas County 
Slope - 2 percent 
Erosion - 1 
Aspect - East 
Present Vegetation - Approximately 20$ bluegrasg, 19$ timothy and redtop, 
58$ white clover and 3$ weeds. 
Root Development 
a. Depth of Penetration - 35 inches 
b. Intensity - There is a reduction in root development below 35 
inches or horizon. 
Remarks: Drainage on this site is nearly level. 
Profile description - Grundy silt loam 
A^ 0 to 12 inches, black (10 YR 2/1) friable silt loam; moderate fine 
granular structure; clear boundary. 
A^ 12 to 14 inches, black (10 YR 2/l) friable silt loam; with many 
medium distinct very dark grayish-brown (10 YR 3/2) mottles; moderate 
coarse granular structure; clear boundary. 
14 to 20 inches, dark gray (10 YR 4/l) friable silty clay loam; with 
maqy fine distinct very dark brown (10 YR 2/2) mottles and many fine 
distinct dark yellowish-brown (10 YR 4/4) mottles ; fairly strong fine 
sub-angular blocky structure; thin discontinuous clay skins on the 
ped faces; gradual boundary. 
Bg 20 to 35 inches, dark gray (10 YR 4/l) slightly firm heavy silty clay 
loam; with many medium distinct yellowish-brown (10 YR 5/6) mottles 
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and few medium distinct very dark gray (10 YR 3/l) mottles; strong 
medium sub-angular blocky; thin discontinuous clay skins on the ped 
faces; gradual boundary. 
35 to 46 inches, light brownish-gray (10 YR 6/2) slightly firm silty 
clay loam; with many coarse distinct yellowish-brown (10 YR 5/6) 
mottles and many fine distinct very dark gray (10 YR 3/l) mottles; 
many fine soft fe-mn concretions; weak coarse sub-angular blocky 
with tendencies to massive structure ; gradual boundary. 
46 to 58 inches, light brownish-gray (10 YR 6/2) slightly firm light 
silty clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; massive (structureless). 
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Soil Type - Grundy silt loam 
Name - Frank Nicholson farm 
Legal Description - 1,436 feet West and 40 feet South of NE corner of 
Sect. 4 Garden Grove Twp., Decatur County. 
Slope - 3 percent convex 
Erosion - 1 
Aspect - South 
Present Vegetation - Approximately 10$ blue grass, 5# timothy and redtop, 
8# white clover, 2# open ground, 40$ ragweed and 35$ 
other weeds. 
Root Development 
a. Depth of Penetration - 40 inches 
b. Intensity - There is a marked reduction in amount of roots after 
the Bg horizon. 
Profile description - Grundy silt loam 
A^ 0 to 14 inches, black (10 YR 2/l) friable silt loam; moderate medium 
granular structure; clear boundary. 
A3 14 to 19 inches, very dark brown (10 YR 2/2) friable light silty clay 
loam, with few fine distinct dark brown (10 YR 3/3) mottles; strong 
medium granular structure; clear boundary. 
Bq_ 19 to 26 inches, dark grayish-brown (10 YR 4/2) slightly firm silty 
clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles and few fine faint very dark grayish-brown (10 YR 3/2) 
mottles; strong fine sub-angular blocky structure; clear boundary. 
Bg 26 to 40 inches, dark grayish-brown (10 YR 4/2) plastic heavy silty * 
clay loam; with many coarse distinct yellowish-brown (10 YR 5/6) 
mottles and many medium distinct very dark grayish brown (10 YR 3/2) 
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mottles; strong medium sub-angular blocky structure; gradual boundary. 
40 to 47 inches, grayish-brown (10 YR 5/2) slightly firm silty clay 
loam; with many coarse brownish-yellow (10 YR 6/6) mottles and many 
coarse yellowish-brown (10 YR 5/6) mottles ; and many fine soft fe-mn 
concretions; weak medium sub-angular blocky; gradual boundary. 
47 to 59 inches, gray (10 YR 6/2) slightly firm light silty clay 
loam; with many medium distinct yellowish-brown (10 YR 5/6) mottles 
and many fine distinct dark yellowish-brown (10 YR 4/4) mottles; 
massive (structureless). 
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Soil Type - Grundy silt loam 
Name - Robert Page farm 
Legal Description - 542 feet North and 185 feet East of SW corner of 
Sect. 16 Jackson Twp., Clarke County. 
Slope - 2 percent convex 
Erosion - 1 
Aspect - Slight south 
Present Vegetation - Approximately 82$ blue grass, 11$ timothy and redtop 
and 7# open ground. 
Root development -
a. Depth of Penetration - 36 inches 
b. Intensity - There is excellent root development to the boundary. 
Profile Description - Grundy silt loam. 
A% 0 to 13 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure ; gradual boundary to A^. 
A.j 13 to 18 inches, black (10 YR 2/1) friable light silty clay loam; 
with many fine distinct dark grayish-brown (10 YR 4/2) mottles; 
moderate medium granular structure; clear boundaiy. 
18 to 24 inches, dark gray (10 YR 4/l) friable light silty clay loam; 
with many fine distinct yellowish-brown (10 YR 5/6) mottles and few 
medium distinct very dark gray (10 YR 3/l) mottles; strong fine sub-
angular blocky structure ; clear boundary. 
Bgi 24 to 30 inches, dark grayish-brown (10 YR 4/2) slightly plastic heavy 
silty clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles and many medium distinct very dark gray (10 YR 3/l) mottles; 
strong medium sub-angular blocky structure; gradual boundary to Bgg. 
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30 to 36 inches, grayish-brown (10 YR 5/2) very light silty clay; 
with many medium distinct yellowish-brown (10 YR 5/6) mottles; with 
few fine soft fe-mn concretions; strong medium sub-angular blocky 
structure; gradual boundary to By 
36 to 46 inches, grayish brown (10 YR 5/2) slightly firm heavy silty 
clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; moderate coarse sub-angular blocky structure. 
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Soil Type - Grundy silt loam 
Name - Dewey Smith farm 
Legal Description - 1,200 feet South and 313 feet West of NE corner Sect. 9 
Richman Twp., Wayne County. 
Slope - 4 percent convex 
Erosion - 2 
Aspect - Northeast 
Present Vegetation - Approximately 48$ bluegrass, 8$ timothy and redtop, 
29$ white clover, 8$ open ground and 7$ weeds. 
Root Development -
a. Depth of Penetration - 40 inches 
b. Intensity - Root development stops in the horizon. 
Remarks : The soil is not as heavy as other Grundy soils possibly because 
it is found on a convex slope in the landscape grading into a 
steeper Grundy slope. 
Profile description - Grundy silt loam 
A^ 0 to 10 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure; clear boundary. 
A^ 10 to 14 inches, very dark grayish-brown (10 YR 3/2) friable silty 
clay loam; with mary fine distinct dark yellowish-brown (10 YR 4/4) 
mottles and few fine distinct black (10 YR 2/l) mottles; moderate 
medium granular structure ; clear boundary. 
B^ 14 to 19 inches, dark grayish-brown (10 YR 4/2) friable silty clay 
loam; with many fine distinct yellowish-brown (10 YR 5/6) mottles and 
few fine faint dark yellowish-brown (10 YR 4/4) mottles; moderate very 
fine sub-angular blocky structure; thin discontinuous clay skins on 
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vertical ped faces and in root channels; clear boundary. 
19 to 30 inches, grayish-brown (10 YR 5/2) slightly firm heavy silty 
clay loam to light silty clay; with many fine yellowish-brown 
(10 YR 5/6) mottles and few fine distinct dark yellowish-brown 
(10 YR 4/4) mottles; numerous fine soft fe-mn concretions; strong 
medium sub-angular blocky structure; thin continuous clay skins on 
peds and in root channels; gradual boundary. 
30 to 40 inches, grayish-brown (10 YR 5/2) light silty clay; with 
few fine distinct dark gray (10 YR 4/l) mottles and few fine dis­
tinct yellowish-brown (10 YR 5/6) mottles; weak to moderate medium 
sub-angular blocky; many slightly hard fe-mn concretions; gradual 
boundary. 
40 to 54 inches, grayish-brown (10 YR 5/2) slightly firm light 
silty clay loam grading into heavy silt loam with depth; with many 
medium distinct yellowish-brown (10 YR 5/6) mottles; massive 
(structureless). 
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Soil Type - Clarinda silt loam 
Name - 0. L. Edwards farm 
Legal Description - 520 feet North and 173 feet West of the SE corner of 
NE 1 /4 of Sect. 26, Union Twp., Lucas County. 
Slope - 7 percent concave 
Erosion - 3 
Aspect - West 
Present Vegetation - Approximately 4$ blue grass, 13$ brome gras s and timothy, 
37? white clover, 43$ open ground and 3$ weeds. 
Root Development 
a. Depth of penetration - 36 inches 
b. Intensity - There is fair root development through the Bg^ horizon. 
Remarks: It appears that bromegrass can penetrate to greater depths than 
bluegrass or timothy. 
Profile description - Clarinda silt loam 
A^ 0 to 4 inches, black (10 YR 2/l) slightly compacted silt loam; 
moderate fine granular structure; abrupt boundary. 
hj 4 to 8 inches, dark gray (10 YR 4/1) slightly firm silty clay loam; 
with many medium distinct very dark brown (10 YR 2/2) mottles; 
moderate fine sub-angular blocky structure breaking down to a weak 
fine granular structure ; clear boundary. 
8 to 14 inches, grayish-brown (10 YR 5/2) slightly firm silty clay 
loam; with few fine distinct very dark gray (10 YR 3/l) mottles and 
few fine distinct yellowish-brown (10 YR 5/6) mottles; strong fine 
sub-angular blocky; medium continuous clay skins on vertical ped 
faces; clear boundary. 
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14 to 24 inches, grayish-brown (10 YR 5/2) plastic silty clay; with 
many coarse distinct yellowish-brown (10 YR 5/6) mottles and very 
dark gray (10 YR 3/l) material in the root channels ; strong medium 
sub-angular blocky structure ; medium continuous clay skins on the 
ped faces; gradual boundary. 
24 to 36 inches, grayish-brown (10 YR 5/2) plastic silty clay; with 
many coarse distinct yellowish-brown (10 YR 5/6) mottles and many 
coarse distinct dark gray (2.5 Y 4/l) mottles; strong coarse sub-
angular blocky structure; medium continuous clay skins on all ped 
faces ; gradual boundary. 
36 to 48 inches, grayish-brown (10 YR 5/2) plastic silty clay; with 
many coarse distinct yellowish-brown (10 YR 5/6) mottles; moderate 
coarse sub-angular blocky structure; medium continuous clay skins on 
all ped faces, a gradual boundary. 
48 to 60 inches, light brownish-gray (10 YR 6/2) plastic silty clay; 
coarse sub-angular blocky structure; medium continuous clay skins on 
all ped faces. 
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Soil Type - Clarinda silt loam 
Name - I.S.U. Grundy-Shelby Experimental Farm 
Legal Description - 1,751 feet South and 16 feet East of NW corner of 
NE l/4, Sec. 34, Union Twp., Ringgold County. 
Slope - 13 percent concave 
Erosion - + 
Aspect - South in a cove position of a swale 
Present Vegetation - Approximately 25$ bluegrass, white clover, 41$ 
open ground with few dandelions. 
Root Development 
a. Depth of Penetration - 22 inches 
b. Intensity - There is a sharp (50$) reduction in amount of roots 
at Bg boundary. 
Remarks : There is strong evidence of an alluvial material containing grit 
overlaying this soil. The soil approaches a transition area into 
the gravity soils placing it into a higher moisture position. 
Profile description - Clarinda silt loam. 
A^ 0 to 11 inches, very dark gray (10 YR 3/l) friable silt loam; 
moderate fine granular structure; gradual boundary to Ag. 
A3 11 to 16 inches, very dark gray (10 YR 3/l) friable heavy silt loam; 
with many medium to fine distinct dark grayish brown (10 YR 4/2) 
mottles; moderate medium granular with a tendency to very weak fine 
sub-angular blocky structure ; clear boundary. 
B^ 16 to 22 inches, dark gray (10 YR 3/l to 4/l) friable to slightly 
plastic silty clay loam; with many fine distinct yellowish-brown 
(10 YR 5/6) mottles and many fine distinct brown (10 YR 5/3) mottles; 
moderate fine sub-angular blocky structure ; thin discontinuous clay 
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skins on the vertical ped faces; gradual boundary to Bg. 
Bg 22 to 28 inches, grayish brown (10 YR 5/2) plastic silty clay; with 
many fine distinct yellowish-brown (10 YR 5/6) mottles and few fine 
faint dark gray (10 YR 4/l) mottles; strong medium sub-angular blocky 
structure; distinct thin discontinuous clay skins on ped faces, 
abrupt boundary. 
B^-Ci28 to 34 inches, yellowish-brown (10 YR 5/6) slightly plastic silty 
clay; with many coarse distinct grayish-brown (10 YR 5/2) mottles and 
few fine distinct grayish-brown (10 YR 4/2) mottles; strong to moderate 
medium sub-angular blocky structure; thin discontinuous clay skins on 
vertical faces of the peds; gradual boundary. 
34 to 38 inches, yellowish-brown (10 YR 5/6) slightly sticky to 
plastic medium silty clay; with many medium distinct light brownish-
gray (10 YR 6/2) mottles; some fine soft fe-mn concretions ; massive 
(structureless). 
&L 38 to 44 inches, yellowish-brown (10 YR 5/6) slightly sticky to 
plastic medium silty clay; with many medium distinct light brownish-
gray (10 YR 5/6) mottles; some fine soft fe-mn concretions ; massive 
(structureless). 
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Soil Type - Clarinda silt loam 
Name - B. R. Hood farm 
Legal Description - 99 feet North and 49 feet East of SW corner of 
Sect. 35 Franklin Twp., Clarke County. 
Slope - 7 percent concave 
Erosion - 2 
Aspect - Northwest 
Present Vegetation - Approximately 56$ bluegrass, 36$ timothy and redtop, 
1$ white clover, 1$ open ground and 6$ ragweed and 
other weeds. 
Root Development 
A. Depth of Penetration - 29 inches 
B. Intensity - There is a marked reduction in root development 
below the B% horizon. 
Profile description - Clarinda silt loam 
A% 0 to 11 inches, very dark brown (10 YR 2/2) friable silt loam; 
strong fine granular structure ; clear boundary. 
A32. 11 to 16 inches, very dark gray (10 YR 3/l) friable light silty clay 
loam; with many fine distinct dark gray (10 YR 4/l) mottles; strong 
fine granular structure ; clear boundary. 
A32 16 to 22 inches, very dark brown (2.5 Y 4/2) friable silty clay 
loam; with many fine distinct very dark gray (10 YR 3/l) mottles; 
strong coarse granular structure; clear boundary. 
B^ 22 to 29 inches, grayish-brown (10 YR 5/2) slightly plastic light 
silty clay; with few fine distinct yellowish-brown (10 YR 5/6) 
mottles and few fine faint dark gray (10 YR 4/l) mottles; strong fine 
sub-angular blocky structure ; thin discontinuous clay skins on 
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vertical ped faces; clear boundary. 
29 to 38 inches, light brownish-gray (10 YR 6/2) plastic silty 
clay; with many medium distinct yellowish-brown (10 YR 5/6) mottles 
and few fine distinct dark gray (10 YR 4/l) mottles; strong fine 
and medium sub-angular blocky structure; thin continuous clay skins 
on all ped faces; gradual boundary to Bgg. 
38 to 50 inches, light brownish-gray (10 YR 6/2) plastic silty clay; 
with many coarse distinct yellowish-brown (10 YR 5/6) mottles and 
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mapy coarse distinct black (10 YR 2/l) mottles with few fine distinct 
yellowish-brown (10 YR 5/6) mottles and light brownish-gray (10 YR 6/2) 
mottles; strong fine and medium sub-angular blocky structure grading 
to massive (structureless). 
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Soil Type - Clarinda silt loam 
Name - L. G. Kyner farm 
Legal Description - 210 feet East and 54 feet North of the SW corner of 
the SW l/4 of Sect. 16 of Richman Twp., Wayne County. 
Slope - 9 percent concave 
Erosion - 2 
Aspect - North-Northwest in association with Colo-Judson colluvial soils 
Present Vegetation - Approximately 48$ blue grass, 30$ white clover, 3$ 
sweet clover, 11$ quackgrass, 4$ open ground, 4$ 
weeds. 
Root Development 
a. Depth of Penetration - 16 inches 
b. Intensity - The root development stopped abruptly at 16 inches. 
Remarks : The description that follows is the site selected. Data for 
1961 was collected a short distance up the slope. There was a 
slight overburden of loess on that site. 
Profile description 
Ap 0 to 6 inches, black (10 YR 2/l) slightly plastic silty clay loam; 
moderate fine granular structure; abrupt boundary. 
A3 6 to 11 inches, very dark grayish-brcwn (10 YR 3/2) friable light 
silty clay loam; with marçy fine distinct black (10 YR 2/l) mottles; 
moderate medium granular structure; clear boundary. 
Bu 11 to 16 inches, dark grayish brown (10 YR 6/2) slightly plastic 
medium silty clay loam; with many fine distinct very dark gray 
(10 YR 3/l) mottles; strong fine sub-angular blocky; gradual boundary. 
16 to 22 inches, grayish brown (10 YR 5/2) plastic light silty clay; 
with many fine distinct yellowish brown (10 YR 5/4) mottles ; strong 
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fine sub-angular blocky structure; thin continuous clay skins on all 
ped faces; clear boundary. 
22 to 36 inches, light brownish-gray (10 YR 6/2) plastic light clay; 
with many medium distinct yellowish-brown (10 YR 5/6) mottles; strong 
medium sub-angular blocky structure; prominent continuous clay skins 
on all ped faces; gradual boundary. 
36 to 46 inches, brownish yellow (10 YR 6/8) plastic heavy silty 
clay; with many fine distinct light brownish gray (10 YR 6/2) mottles; 
moderate medium sub-angular blocky structure. 
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Soil Type - Clarinda silt loam 
Name - Olin Marquis Farm - Frank Pontier, operator. 
Legal Description - 140 feet East and 195 North of SW corner of SE l/4 
Sect. 17, Jackson Twp., Clarke County. 
Slope - 6 percent concave 
Erosion - 0 
Aspect - West aspect in cove position at base of slope 
Present Vegetation - Approximately 14# bluegrass, 25$ redtop and timothy, 
11$ lespedeza, 15$ open ground and 37$ ragweed. 
Root Development 
a. Depth of Penetration - 16 inches 
b. Intensity - There is an abrupt reduction in amount of roots 
(80 percent) at the boundary. 
Remarks : This field was plowed in 1951 arid renovated. The surface is 
somewhat more compacted than noted on other soils sampled. There 
appears to be some deposition of loess like material on the sur­
face of this profile. This profile is fairly typical of a Modal 
Clarinda soil having a good surface or "0" erosion. 
Profile description - Clarinda silt loam. 
Ap 0 to 8 inches, very dark brown (10 YR 2/2) slightly firm silt loam; 
moderate, medium to coarse granular structure; abrupt boundary. 
A^ 8 to 12 inches, dark gray (10 YR 4/l) slightly firm heavy silty clay 
loam to light silty clay; with few fine distinct yellowish-brown 
(10 YR 5/6) mottles and few fine and medium very dark gray (10 YR 3/1) 
mottles; strong fine sub-angular blocky structure; clear boundary. 
B^ 12 to 16 inches, dark gray (10 YR 4/l) firm silty clay; with many fine 
faint very dark gray (10 YR 3/l) mottles and many fine distinct 
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yellowish-brown (10 YR 5/6) mottles; strong medium sub-angular 
blocky structure ; thin discontinuous clay skins on vertical ped 
faces; very distinct boundary. 
16 to 24 inches, gray (10 YR 5/l) plastic silty clay; with few very 
fine yellowish-brown (10 YR 5/6) mottles and many distinct dark gray 
(10 YR 4/l) mottles; strong coarse sub-angular blocky structure; thin 
continuous clay skins on vertical ped faces; gradual boundary to Bgg. 
24 to 36 inches, same as above profile but sampled separately for 
laboratory tests. 
36 to 48 inches, same as Bg^ and Bgg profiles except that this horizon 
is calcareous. 
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Soil Type - Clarinda silt loam 
Name - I.S.U. McNay Memorial farm 
Legal Description - 1,623 feet East and 348 feet North of SW corner of 
Sect. 5 Warren Twp., Lucas County. 
Slope - 10 percent convex 
Erosion - 2 
Aspect - Northwest aspect along waterway 
Present Vegetation - Approximately 20$ bluegrass, 19$ timothy and redtop, 
58$ white clover and 3$ weeds. 
Root Development 
a. Depth of Penetration - 17 inches 
b. Intensity - There is very little root development below 17 
inches of the Bg^ horizon. 
Remarks : The soil is found in association with Gravity and Grundy soils 
Profile description - Clarinda silty clay loam 
A^ 0 to 6 inches, very dark brown (10 YR 2/2) light silty clay loam; 
moderate fine granular structure; clear boundary. 
A^ 6 to 10 inches, very dark brown (10 YR 2/2) friable silty clay loam; 
with many medium and fine distinct dark yellowish-brown (10 YR 4/4) 
mottles; strong fine granular structure; clear boundary. 
10 to 17 inches, dark grayish-brown (10 YR 4/2) slightly plastic 
heavy silty clay loam; with many fine distinct yellowish-brown 
(10 YR 5/6) mottles; moderate fine sub-angular blocky structure; thin 
continuous clay skins on ped surfaces; gradual boundary. 
Bgi 17 to 29 inches, light brownish-gray (10 YR 6/2) plastic silty clay; 
with many coarse distinct yellowish-brown (10 YR 5/6) and very dark 
gray (2.5 y 3/1) mottles ; strong medium sub-angular blocky structure; 
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very well developed medium continuous clay skins on ped faces; 
gradual boundary. 
29 to 4l inches, light brownish-gray (10 YR 6/2) calcareous plastic 
silty clay; with many fine distinct dark yellowish-brown (10 YR 4/4) 
mottles; strong medium sub-angular blocky structure; numerous very 
fine fe-mn concretions; very well developed medium continuous clay 
skins on ped faces; gradual boundary. 
4l to 56 inches, mottled yellowish-brown (10 YR 5/6) (50 percent) 
and grayish-brown (10 YR 5/2) (50 percent) plastic clay loam and 
areas of heavy silty clay loam; with few fine distinct dark gray 
(2.5 Y 3/0) mottles; sand lenses mixed with the material; massive 
(structureless). 
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Soil Type - Clarinda silt loam 
Name - Frank Nicholson farm 
Legal Description - 1,426 feet West and 359 feet South of NE corner of 
Sect. 4 Garden Grove Twp., Decatur County. 
Slope - 7 percent convex 
Erosion - 1 
Aspect - Southwest in the cove position. 
Present Vegetation - Approximately 12$ bluegrass, 15$ timothy and redtop, 
5$ white clover, 48$ open ground, 4$ aristida, and 
16$ other weeds including ragweed. 
Root Development 
a. Depth of Penetration - 29 inches 
b. Intensity - The root development essentially stopped at 29 inches. 
Remarks : A loess mantel is found over the till. The colors and textures 
! 
do not represent those of a modal Clarinda. The profile appears 
to be minimally developed. 
Profile description - Clarinda silt loam 
I. A^ 0 to 11 inches, black (10 YR 2/l) friable silt loam; moderate 
fine granular structure; clear boundary. 
11 to 16 inches, very dark brown (10 YR 2/2) friable light silty 
clay loam; with few fine faint black (10 YR 2/1) mottles with few 
fine distinct dark yellowish-brown (10 YR 4/4) mottles; moderate 
medium granular structure; clear boundary. 
16 to 20 inches, dark grayish-brown (10 YR 4/2) slightly firm 
silty clay loam; with many fine distinct yellowish-brown 
(10 YR 5/6) mottles and few fine distinct very dark brown 
(10 YR 2/2) mottles and few fine faint dark yellowish-brown 
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(10 YR 4/4) mottles; moderate fine sub-angular blocky structure; 
thin discontinuous clay skins on the vertical ped faces; clear 
boundary. 
20 to 29 inches, grayish-brown (10 YR 5/2) slightly plastic 
heavy silty clay loam; with many medium yellowish-brown 
(10 YR 5/6) mottles and few fine faint dark grayish-brown 
(10 YR 4/2) mottles; relatively strong medium sub-angular 
blocky structure; thin continuous clay skins on the vertical 
ped faces; gradual boundary to Bgg-
29 to 42 inches, grayish-brown (10 YR 5/2) firm light silty 
clay; with numerous medium yellowish-brcwn (10 YR 5/6) mottles; 
strong fine and medium sub-angular blocky structure ; thin con­
tinuous clay skins on the vertical ped faces; gradual boundary 
to the Bj. 
42 to 53 inches, light gray (10 YR 7/2) plastic silty clay; with 
many coarse brownish-yellow (10 YR 6/6) mottles; massive with 
tendencies to sub-angular blocky structure; clay skins on the 
vertical ped faces. 
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Soil Type - Clarinda silt loam 
Name - Robert Page farm 
Legal Description - 373 feet north and 163 feet east of SW corner of 
Sect. 16 Jackson Twp., Clarke County 
Slope - 8 percent convex 
Erosion - 1 
Aspect - South 
Present Vegetation - Approximately 79$ bluegrass, 16$ timothy and redtop 
and 5$ open ground. 
Root Development 
a. Depth of Penetration - 26 inches 
b. Intensity - There is very sharp reduction in amount of roots 
(80 percent plus) at the Bg horizon. 
Remarks : This profile has a deposition of 12 inches of loess over a 
remnant of the A horizon of the paleosol. The profile is found 
toward the Shelby end of the Clarinda range. This soil profile 
is not true Clarinda and will have a somewhat higher produc­
tivity than a modal Clarinda soil. 
Profile description - Clarinda silt loam 
I. A^ 0 to 13 inches, black (10 YR 2/l) friable silt loam; moderate 
fine granular structure ; clear boundary. 
A3 13 to 17 inches, very dark gray (10 YR 3/l) friable heavy silt 
loam; with many fine faint very dark grayish-brown (10 YR 4/2) 
mottles; strong fine granular structure; clear boundary. 
II. A^-B^ 17 to 20 inches, dark grayish-brown (10 YR 4/2) friable silty 
clay loam; with many fine distinct dark gray (10 YR 3/l) 
mottles with few fine distinct yellowish-brown (10 YR 5/6) 
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mottles ; strong fine granular structure; gradual boundary to 
Bl-
20 to 26 inches, grayish-brown (10 YR 5/2) firm medium silty 
clay; with many fine distinct yellowish-brown (10 YE 5/6) 
mottles and many fine distinct dark gray (10 YR 4/l) mottles; 
strong fine sub-angular blocky structure, thin discontinuous 
clay skin on the vertical ped faces; gradual boundary to Bgi* 
26 to 32 inches, grayish-brown (10 YR 5/2) plastic medium 
silty clay; with numerous medium distinct yellowish-brown 
(10 YR 5/6) mottles; strong coarse sub-angular blocky structure; 
thin continuous clay skins on all ped faces ; gradual boundary 
to Bj. 
32 to 38 inches, yellowish-brown (10 YR 5/6) slightly plastic 
ailty clay loam; with few fine distinct pale brown (10 YR 6/3) 
mottles; weak coarse sub-angular blocky structure with tendency 
toward massive (structureless). 
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Soil Type - Clarinda silt loam 
Name - Dewey Smith farm 
Legal Description - 1,188 feet South and 24 feet West of the NE corner 
Sect. 9 Richman Twp., Wayne County. 
Slope - 12 percent concave 
Erosion - 0 
Aspect - Northwest in the cove position along a drainage way. 
Present Vegetation - Approximately 4$$ bluegrass, 14$ redtop and timothy, 
30$ open ground, 5$ ragweed and 6$ other weeds. 
Root Development 
a. Depth of Penetration - 20 inches 
b. Intensity - There was a sharp reduction in root development at 
20 inches and about a total absence of roots at 26 
inches or the horizon. 
Remarks : This profile would be considered typical of a modal Clarinda 
profile. 
Profile description - Clarinda silt loam 
Aj 0 to 12 inches, black (10 YR 2/l) friable silt loam; moderate fine 
granular structure; clear boundary. 
A^ 12 to 16 inches, dark gray (10 YR 4/l) friable silty clay loam; with 
many fine distinct very dark grayish-brown (10 YR 3/2) mottles; 
strong fine granular structure; clear boundary. 
B]_ 16 to 20 inches, gray (10 YR 5/l) slightly plastic silty clay loam; 
with many fine distinct yellowish-brown (10 YR 5/6) mottles and few 
fine faint dark gray (10 YR 4/l) mottles; strong fine sub-angular 
blocky structure ; thick continuous clay skins on the ped faces; 
gradual boundary. 
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20 to 26 inches, gray (10 YE 5/l) plastic light silty clay; with 
many medium distinct yellowish-brown (10 YE 5/6) mottles; strong 
medium sub-angular blocky structure; thick continuous clay skins on 
ped faces; gradual boundary. 
26 to 48 inches, light brownish-gray (10 YE 6/2) plastic silty clay; 
with many medium distinct yellowish-brown (10 YE 5/6) mottles; thick 
continuous clay skins on peds; tendencies to massive (structureless). 
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Soil Type - Weller silt loam 
Name - I.S.U. Albia Experimental Farm 
Legal Description - 219 feet West and 53 feet North of SE corner of West 
Experimental Pasture No. 6. 
Slope - 3 percent convex 
Erosion - 2 
Aspect - Slightly East 
Present Vegetation - Approximately 88$ blue grass, 12$ open ground. 
Root Development 
a. Depth of Penetration - 38 inches 
b. Intensity - There is evidence of reduced root development in the 
B3 horizon. 
Remarks: There is no visible Ag horizon. Evidently this soil has been 
tilled in past years. 
Profile description - Weller silt loam 
Ap 0 to 5 inches, very dark gray (10 YR 3/l) friable silt loam; moderate 
fine granular structure; abrupt boundary. 
5 to 11 inches, yellowish-brown (10 YR 5/6) friable silt loam; with 
mixing of very dark gray (10 YR 3/l) material in worm casts and root 
channels; moderate very fine sub-angular blocky structure; gradual 
boundary. 
Bgi 11 to 19 inches, yellowish-brown (10 YR 5/6) and (10 YR 5/8) friable 
heavy silt loam; with very few fine soft fe-mn concretions; moderate 
fine angular blocky structure; gradual boundary. 
B22 19 to 26 inches, grayish brown (10 YR 5/2) slightly firm silty clay 
loam; with many fine distinct yellowish-brown (10 YR 5/6) mottles; 
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few very fine soft fe-mn concretions; strong fine and medium angular 
blocky; thin continuous clay skins on the vertical ped faces; abrupt 
boundary. 
26 to 38 inches, light brownish-gray (10 YR 6/2) slightly firm silty 
clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; moderate fine angular blocky structure; thin continuous clay 
skins on the ped faces; gradual boundary. 
38 to 48 inches, yellowish-brown (10 YR 5/6) (50 percent) and 
grayish-brown (10 YR 5/2) (50 percent) slightly firm light silty 
clay loam; with numerous fine soft fe-mn concretions; massive 
(structureless) to weak fine sub-angular blocky structure. 
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Soil Type - Weller silt loam 
Name - Miller Blair farm 
Legal Description - 422 feet South and 132 feet West of NE corner Sect. 30, 
Vernon Twp., Van Buren County. 
Slope - 4 percent convex 
Erosion - 2 
Aspect - Slight South 
Present Vegetation - Approximately 33/& bluegrass, trace of white clover, 
48$ open ground, 4$ aristida and 15$ other weeds. 
Root Development 
a. Depth of Penetration - 21 inches 
b. Intensity - There is a marked reduction in root development in 
the Bg horizon. 
Profile description - Weller silt loam 
Ap 0 to 5 inches, dark grayish-brown (2.5 Y 4/2) friable silt loam; 
moderate fine granular structure; abrupt boundary. 
Aj 5 to 10 inches, brown (10 YR 5/3) friable heavy silty clay loam; 
with few fine faint yellowish-brown (10 YR 5/3) mottles and few fine 
distinct dark grayish brown (2.5 Y 4/2) mottles; moderate fine sub-
angular blocky structure; clear boundary. 
B% 10 to 16 inches, brown (10 YR 5/3) slightly plastic silty clay loam; 
with many fine distinct yellowish brown (10 YR 5/6) mottles; strong 
fine sub-angular blocky structure ; gradual boundary. 
Bg 16 to 28 inches, grayish brown (10 YR 5/2) plastic heavy silty clay 
loam; with many fine distinct yellowish brown (10 YR 5/8) mottles; 
moderate medium sub-angular blocky structure ; numerous soft fine 
and medium fe-mn concretions; thin continuous clay skins on all ped 
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faces; gradual boundary. 
28 to 36 inches, light brownish gray (10 YR 6/2) medium silty clay 
loam; with many medium distinct yellowish-brown (10 YR 5/8) mottles; 
weak coarse sub-angular blocky structure; numerous medium soft fe-mn 
concretions ; gradual boundary. 
36 to 48 inches, yellowish-brown (10 YR 5/6) friable light silty clay 
loam; with many medium distinct grayish-brown (10 YR 5/2) mottles; 
massive (structureless); very numerous fine and medium soft fe-mn 
concretions. 
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Soil Type - We lier silt loam 
Name - Otto Burchett farm 
Legal Description - 146 feet East along fence and 30 feet North of NW 
corner Sect. 5» Des Moines Twp., Van Buren County. 
Slope - 3 percent convex 
Erosion - 2 
Aspect - East-Northeast 
Present Vegetation - Approximately 52$ blue grass, 32$ timothy and redtop, 
1$ white clover, 12$ open ground and 3$ weeds. 
Root Development 
a. Depth of Penetration - 45 inches 
Profile description - Weller silt loam 
Ap 0 to 6 inches, very dark gray (10 YR 3/l) friable silt loam; 
moderate fine granular structure ; abrupt boundary. 
A3 6 to 11 inches, very dark grayish brown (10 YR 3/2) friable silt 
loam; with many fine distinct dark brown (10 YR 4/3) mottles; 
moderate coarse granular structure; clear boundary. 
B% 11 to 17 inches, brown (10 YR 5/3) slightly plastic light silty clay 
loam; with many fine distinct yellowish brown (10 YR 5/6) mottles; 
moderate very fine sub-angular blocky structure; few very fine soft 
fe-mn concretions; clear boundary. 
Bgi 17 to 24 inches, grayish brown (10 YR 5/2) slightly plastic heavy 
silty clay loam; with many fine distinct yellowish brown (10 YR 5/6) 
and (10 YR 5/8) mottles, moderate to strong fine sub-angular blocky 
structure; numerous fine soft fe-mn concretions ; gradual boundary. 
B22 24 to 32 inches, pale brown (10 YR 6/3) slightly plastic heavy silty 
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clay loam; with many fine distinct yellowish-brown (10 YR 5/6) 
mottles; strong fine sub-angular blocky structure; common fine 
soft fe-mn concretions; gradual boundary. 
32 to 4-5 inches, mottled light brownish gray (10 YR 6/2) (50 percent) 
and yellowish-brown (10 YR 5/6) (50 percent). slightly plastic medium 
silty clay loam; weak coarse sub-angular blocky structure with ten­
dencies toward massive (structureless) ; numerous fine and medium 
soft fe-mn concretions. 
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Soil Type - Weller silt loam 
Name - Harvey Chapman farm 
Legal Description - 877 feet East and 573 feet North of SW corner NW 
l/4 of Sect. 26, Liberty Twp., Jefferson County. 
Slope - 4 percent convex 
Erosion - 2 
Aspect - Slightly North 
Present Vegetation - Approximately 58% bluegrass, 5$ timothy and redtop, 
2$ white clover, 22$ open ground, 6$ antennaria 
and 7% other weeds. 
Root Development 
a. Depth of Penetration - 45 inches 
b. Intensity - There is fair root development through 45 inches of 
depth. 
Profile description - Weller silt loam 
Ap 0 to 5 inches, very dark grayish brown (10 YR_3/2) friable silt loam; 
moderate fine granular structure; abrupt boundary. 
A^ 5 to 9 inches, dark grayish brown (10 YR 4/2) friable heavy silt 
loam; with dark grayish brown (10 YR 3/2) material in worm casts; 
moderate very fine sub-angular blocky structure; clear boundary. 
9 to 16 inches, brown (10 YR 4/3) friable silty clay loam; with few 
fine distinct dark grayish brown (10 YR 4/2) mottles; moderate 
medium sub-angular blocky structure; few very fine soft fe-mn con­
cretions; gradual boundary. 
Bg 16 to 25 inches, dark grayish brown (10 YR 4/2) slightly firm silty 
clay; with many medium distinct yellowish brown (10 YR 5/6) mottles 
and few fine distinct light brownish gray (10 YR 6/2) mottles; strong 
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fine angular blocky structure ; thin continuous clay skins on all 
ped faces; gradual boundary. 
25 to 36 inches, grayish brown (10 YR 5/2) heavy silty clay loam; 
with many medium distinct dark brown (10 YR 4/3) mottles and few 
fine distinct very dark brown (10 YR 3/3) mottles; weak sub-angular 
blocky structure; numerous fine soft fe-mn concretions; gradual 
boundary. 
36 to 45 inches, light brownish-gray (10 YR 6/2) friable silt loam; 
with many fine distinct yellowish-brown (10 YR 5/6) mottles and very 
dark grayish-brown (10 YR 3/2) material in the root channels; numerous 
soft fe-mn concretions; massive (structureless). 
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Soil Type - Weller silt loam 
Name - Delbert Crawford farm 
Legal Description - 1,486 feet East and 150 feet North of SW corner of 
Sect. 29 Cedar Twp., Jefferson County. 
Slope - 1 percent convex 
Erosion - 1 
Aspect - North 
Present Vegetation - Approximately 20$ bluegrass, 22% timothy and redtop, 
52# white clover, yjo weeds and 3% buckbrush. 
Root Development 
a. Depth of penetration - 37 inches 
b. Intensity - Root development stops at the C^ horizon. 
Profile description - Weller silt loam 
Ai 0 to 3 inches, dark grayish brown (10 YR 4/2) friable silt loam; 
moderate fine granular structure ; abrupt boundary. 
Ag 3 to 5 inches, light brownish gray (10 YR 6/2) friable silt loam; 
very weak medium platty structure; abrupt boundary. 
A3 5 to 10 inches, yellowish brown (10 YR 5/4) friable silt loam; 
moderate fine and medium granular structure; gradual boundary. 
10 to 17 inches, brown (10 YR 5/3) friable heavy silt loam; with 
few fine faint light brownish-gray (10 YR 6/2) mottles; strong 
medium sub-angular blocky structure; many fine soft fe-mn con­
cretions; gradual boundary. 
Bg 17 to 24 inches, light brownish gray (10 YR 6/2) slightly firm 
silty clay loam; with many medium distinct brown (10 YR 5/3) mottles; 
strong fine and medium angular blocky structure; thin continuous clay 
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skins on all ped faces; gradual boundary. 
24 to 31 inches, yellowish-brown (10 YR 5/6) slightly firm silty 
clay loam; with many fine distinct light brownish-gray (10 YR 6/2) 
mottles; weak medium sub-angular blocky structure; gradual boundary. 
31 to 37 inches, yellowish brown (10 YR 5/6) slightly firm silty 
clay loam; with many fine distinct light brownish gray (10 YR 6/2) 
mottles; weak fine sub-angular blocky structure; many fine soft 
fe-mn concretions; gradual boundary. 
37 to 56 inches, brown (10 YR 5/3) friable light silty clay loam; 
with many fine faint yellowish brown (10 YR 5/6) mottles; massive 
(structureless) maqy soft fe-mn concretions. 
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Soil Type - Weller silt loam 
Name - F. C. Elliott 
Legal Description - 110 feet West and 27 feet South of NE corner Sect. 3. 
Henry Twp., Van Buren County, 
Slope - 3 percent convex 
Erosion - 0 
Aspect - Slight south 
Present Vegetation - Approximately 37j> bluegrass, 31% timothy and redtop, 
2% white clover and sweet clover, 26% open ground 
and 4% buckbrush. 
Root Development 
a. Depth of Penetration - 30 inches 
b. Intensity - There is reduced root development in the Bg horizon. 
Profile description - Weller silt loam 
A-j_ 0 to 6 inches, dark grayish brown (2.5 Y 4/2) friable silt loam; 
strong medium granular structure; abrupt boundary. 
Ag 6 to 9 inches, grayish brown (2.5 Y 5/2) very friable light silt 
loam; with few medium distinct dark grayish brown (2.5 Y 3/l) 
mottles; weak coarse platty with tendencies toward weak very fine 
sub-angular blocky structure; clear boundary. 
Aj 9 to 16 inches, brown (10 YR 5/3) friable heavy silt loam; with few 
fine distinct yellowish-brown (10 YR 5/8) mottles and dark yellowish-
brown (10 YR 4/4) mottles; moderate fine sub-angular blocky structure; 
gradual boundary. 
B^ 16 to 20 inches, grayish-brown (10 YR 5/2) slightly firm silty clay 
loam with many medium distinct yellowish-brown (10 YR 5/6) mottles 
and few fine distinct dark gray (10 YR 4/1) mottles; strong fine 
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sub-angular blocky structure; gradual boundary. 
20 to 36 inches, grayish-brown (10 YR 5/2) slightly plastic silty 
clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; moderate free to very fine angular blocky structure; numerous 
fine soft fe-mn concretions; gradual boundary. 
36 to 48 inches, light brownish-gray (10 YR 6/2) slightly firm light 
to medium silty clay loam; with many medium distinct yellowish-brown 
(10 YR 5/8) mottles; weak medium sub-angular blocky structure; very 
numerous fine and medium soft fe-mn concretions. 
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Soil Type - Weller silt loam 
Name - R. T. Gonterman farm 
Legal description - 227 feet North along fence and 30 feet East of gas 
pipe line in fence row which is 102 rods North and 
80 rods West of SE corner of SW l/4 Sect. 17, Cedar 
Twp., Jefferson County. 
Slope - 5 percent convex 
Erosion - 2 
Aspect - North 
Present Vegetation - Approximately 62$ bluegrass, 2$ timothy and redtop, 
7$ white clover, 21$ open ground and 8$ weeds. 
Root Development 
a. Depth of penetration - 52 inches 
b. Intensity -
Remarks : This soil approaches a Brunizem type soil. 
Profile description - Weller silt loam 
I 
Ap 0 to 5 inches, vary dark gray (10 YR 3/l) friable silt loam; moderate 
medium granular structure; clear boundary. 
kj 5 to 10 inches,.dark grayish brown (10 YR 4/2) friable silt loam; 
with few fine distinct very dark gray (10 YR 3/l) mottles; weak very 
fine sub-angular blocky structure; gradual boundary. 
B^ 10 to 18 inches, brown (10 YR 5/3) friable silt loam; with few fine 
distinct dark grayish brown (10 YR 4/2) mottles; moderate medium 
and fine sub-angular blocky structure; clear boundary. 
Bg 18 to 32 inches, pale brown (10 YR 6/3) slightly firm silty clay 
loam; with common medium distinct yellowish brown (10 YR 5/6) 
mottles; strong medium sub-angular blocky structure, gradual boundary. 
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32 to 42 inches, yellowish brown (10 YR 5/6) slightly firm silty 
clay loam; with common medium light brownish-gray (10 YR 6/2) 
mottles; weak medium sub-angular blocky structure; many fine soft 
fe-mn concretions; gradual boundary. 
42 to 52 inches, light brownish-gray (10 YR 6/2) friable light silty 
clay loam; with many very fine distinct yellowish brown (10 YR 5/8) 
mottles; massive (structureless) ; many very fine soft fe-mn con­
cretions. 
234 
Soil Type - Weller silt loam 
Name - Bruce Johnston farm 
Legal Description - 1,573 feet West and 250 feet North of SE corner of 
NW l/4 Sect. 26, Liberty Twp., Jefferson County. 
Slope - 5 percent convex 
Erosion - 2 
Aspect - East 
Present Vegetation - Approximately 18$ bluegrass; 7$ timothy and redtop, 
63$ open ground, 5$ antennaria and 7$ other weeds. 
Root Development 
i 
a. Depth of Penetration - 24 inches 
b. Intensity - There is a marked reduction in root development in 
Bgg horizon. 
Remarks : The road cut appears to have influenced the drainage of this 
profile. 
Profile description - Weller silt loam 
I. Ap 0 to 7 inches, very dark brown (10 YR 2/2) friable silt loam; 
moderate fine granular structure ; abrupt boundary. 
B]_ 7 to 13 inches, brown (10 YR 4/3) light silty clay loam; with 
mixing of very dark brown (10 YR 2/3) material in the worm casts 
and fine root channels; moderate very fine sub-angular blocky; 
gradual boundary. 
B]_2 12 to 19 inches, dark grayish-brown (10 YR 4/2) slightly firm 
heavy silty clay loam; with many fine faint dark yellowish-brown 
(10 YR 4/4) mottles and many fine distinct yellowish-brown 
(10 YR 5/6) mottles; moderate fine sub-angular blocky structure; 
gradual boundary. 
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24 to 34 inches, dark brown (10 YR 4/3) firm silty clay; with 
many moderate distinct yellowish-brown (10 YR 5/8) mottles and 
many coarse distinct grayish brown (10 YR 5/2) mottles; strong 
medium and coarse angular blocky structure; few very soft fe-mn 
concretions ; abrupt boundary. 
34 to 45 inches, grayish brown (10 YR 5/2) silty clay; with 
many coarse distinct dark brown (7.5 YR 4/4) mottles and light 
gray (10 YR 7/2) mottles, strong coarse angular blocky structure; 
thin discontinuous clay skins on ped faces. 
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Soil Type - Weller silt loam 
Name - Roy Mounts farm 
Legal Description - 309 feet East and 11 feet North of farm boundary on 
West edge and NE l/4 of Sect. 32, Cedar Two., 
Jefferson County. 
Slope - 1 percent convex 
Erosion - 1 
Aspect - Slight North 
Present Vegetation - Approximately 26$ bluegrass, 4$ timothy and redtop, 
60$ white clover and 10$ buckbrush and other weeds. 
Root Development 
a. Depth of penetration - 42 inches 
b. Intensity - Root development stops at C]_ 
Profile description - Weller silt loam 
Al 0 to 3 inches, dark gray (10 YR 4/1) friable silt loam; moderate 
medium granular; abrupt boundary. 
Ag 3 to 7 inches, pale brown (10 YR 6/3) friable silt loam; weak medium 
platty structure; clear boundary. 
A^ 7 to 12 inches, brown (10 YR 5/3) friable silt loam; with common 
medium distinct dark gray (10 YR 4/l) mottles; moderate medium sub-
angular blocky structure; gradual boundary. 
12 to 18 inches, grayish-brown (10 YR 5/2) friable light silty clay 
loam; with many medium distinct yellowish brown (10 YR 5/4) mottles; 
.strong fine sub-angular blocky structure ; gradual boundary. 
Bg 18 to 32 inches, brown (10 YR 5/3) slightly plastic silty clay loam; 
with many medium distinct yellowish brown (10 YR 5/6) mottles; strong 
medium angular blocky; thin clay skins on all ped faces; gradual 
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boundary. 
32 to 42 inches, mottled light brownish gray (10 YR 6/2) (50 percent) 
and yellowish brown (10 YR 5/6) (50 percent) slightly plastic light 
silty clay loam; weak medium sub-angular blocky structure; many fine 
soft fe-mn concretions ; gradual boundary. 
42 to 52 inches, light brownish gray (10 YR 6/2) silt loam; with 
common medium distinct yellowish brown (10 YR 5/8) mottles ; massive 
(structureless);"numerous fine and medium soft fe-mn concretions. 
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Soil Type - Weller silt loam 
Name - E. W. Schoeni farm 
Legal Description - 228 feet North and 32 feet East of SW corner Sect. 6, 
Van Buren Twp., Van Buren County. 
Slope - 4 percent convex 
Erosion - 1 
Aspect - East 
Present Vegetation - Approximately 33$ bluegrass, 14$ timothy and redtop, 
2$ white clover, 33$ open ground, 6$ ragweed, 3$ 
Aristida and 9$ other weeds. 
Root Development 
a. Depth of Penetration - 42 inches 
Profile description - Weller silt loam 
A-^ 0 to 6 inches, dark grayish brown (2.5 YR 4/2) friable silt loam; 
strong very fine granular structure; abrupt boundary. 
Ag 6 to 9 inches, grayish brown (10 YR 5/2) friable silt loam; weak 
fine platty structure ; abrupt boundary. 
kj 9 to 13 inches, brown (10 YR 5/3) friable silt loam; with few fine 
faint yellowish brown (10 YR 5/4) mottles; moderate very fine sub-
angular blocky structure; clear boundary. 
B^ 13 to 19 inches, light yellowish-brown (10 YR 6/4) friable very 
light silty clay loam; with many fine distinct yellowish brown 
(10 YR 5/6) mottles; moderate fine sub-angular blocky structure; 
thin continuous clay skins on all ped faces; gradual boundary. 
Bg 19 to 32 inches, yellowish-brown (10 YR 5/6) slightly plastic heavy 
silty clay loam; with many coarse light brownish gray (10 YR 6/2) 
mottles and few fine distinct dark grayish brown (10 YR 4/2) mottles; 
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strong fine sub-angular blocky structure; thin continuous clay skins 
on all ped faces; gradual boundary. 
32 to 42 inches, light brownish-gray (10 YR 6/2) slightly plastic 
heavy silty clay loam; with many moderate distinct yellowish-brown 
(10 YR 5/6) mottles; weak medium sub-angular blocky structure; few 
medium and fine soft fe-mn concretions. 
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Soil Type - Weller silt loam 
Name - Clarence Sirdoreu'a farm 
Legal Description - 1,236 feet West and 370 feet North (along fence) from 
SW corner and SE l/4 of Sect. 7. Cedar Twp., Jefferson 
County. 
Slope - 6 percent convex 
Erosion - 1 
Aspect - East 
Present Vegetation - Approximately 23$ bluegrass, 8$ timothy and redtop, 
3$ white clover, 24$ open ground, 3$ aristida, 
19$ ragweed and 20$ other weeds. 
Root Development 
a. Depth of penetration - 40 inches 
b. Intensity -
Profile description - Weller silt loam 
Ai 0 to 3 inches, very dark grayish brown (10 YR 3/2) friable silt 
loam; moderate fine granular structure; abrupt boundary. 
Ag 3 to 6 inches, brown (10 YR 5/3) friable silt loam; with few fine 
distinct very dark grayish brown (2.5 Y 3/2) mottles; weak fine 
platty structure ; clear boundary. 
Ag 6 to 10 inches, yellowish brown (10 YR 5/6) friable silt loam; with 
few fine distinct very dark grayish brown (2.5 Y 3/2) mottles; weak 
fine sub-angular blocky structure; clear boundary. 
B]_ 10 to 16 inches, yellowish brown (10 YR 5/4) friable light silty 
clay loam; with few fine faint yellowish brown (10 YR 5/8) mottles; 
strong fine sub-angular blocky structure; gradual boundary. 
Bgi 16 to 23 inches, yellowish brown (10 YR 5/4) slightly plastic silty 
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clay loam; strong fine angular blocky structure; thin continuous 
clay skins on all ped faces; gradual boundary. 
Bgg 22 to 30 inches, light brownish gray (10 YR 6/2) plastic silty clay 
loam; with common fine distinct yellowish brown (10 YR 5/6) mottles; 
strong medium angular blocky structure; gradual boundary. 
B3 30 to 40 inches, mottled light brownish gray (10 YR 6/2) (50 percent) 
and yellowish brown (10 YR 5/6) (50 percent) slightly plastic light 
silty clay loam; weak medium sub-angular blocky structure. 
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Soil Type - Keswick silt loam 
Name - I.S.U. Albia Experimental farm 
Legal Description - 136 feet West and 71 feet North of SE corner of West 
Experimental Pasture No. 6. 
Slope - 18 percent concave 
Erosion - 1 
Aspect - East 
Present Vegetation - Approximately 43$ bluegrass, 19$ timothy and redtop, 
7$ white clover, 27$ open ground and 4$ other weeds. 
Root Development 
a. Depth of Penetration - 26 inches 
b. Intensity - The amount of roots was considerably reduced in the 
B23 horizon. 
Remarks : The 1961 yields were taken on an area somewhat above the site 
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having slightly more loess overburden. This is 20 inches loess 
over the till soils. Soil moisture appeared to be lacking down 
to the B22 horizon, however, good soil moisture were found in 
the B22 horizon and below. 
Profile description - Keswick silt loam 
I. A^ 0 to 6 inches, very dark brown (10 YR 2/2) friable silt loam; 
moderate fine granular structure; abrupt boundary. 
Ag 6 to 10 inches, dark gray (10 YR 4/l) friable silt loam; with 
few fine distinct dark yellowish-brown (10 YR 4/4) mottles; 
weak coarse platty structure breaking down to weak fine sub-
angular blocky; abrupt boundary. 
A^-B^ 10 to 16 inches, grayish-brown (2.5 Y 5/2) very light silty 
clay loam; with few fine distinct yellowish-brown (10 YR 5/6) 
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mottles and very dark brown (10 YR 2/2) material in root 
channels; light brownish-gray (10 YR 6/2) ped coatings; 
moderate medium angular blocky structure; clear boundary. 
16 to 19 inches, dark grayish-brown (10 YR 4/2) friable light 
silty clay loam; with many fine distinct yellowish-brown 
(10 YR 5/6) and (10 YR 5/8) mottles; light brownish gray 
(10 YR 6/2) ped coatings; moderate medium angular blocky 
structure; abrupt boundary. 
II. Bgg 19 to 26 inches, yellowish-brown (10 YR 5/6) slightly plastic 
heavy silty clay loam; with many medium dark grayish-brown 
(10 YR 4/2) mottles; moderate coarse sub-angular blocky 
structure ; gradual boundary. 
26 to 36 inches, light brownish-gray (10 YR 6/2) plastic silty 
clay; with many fine distinct yellowish-brown (10 YR 5/8) 
mottles; moderate coarse sub-angular blocky structure; few 
fine soft fe-mn concretions; gradual boundary. 
B2^ 36 to 46 inches, light brownish-gray (10 YR 6/2) plastic 
silty clay; with few fine to medium distinct brownish-yellow 
(10 YR 6/6) mottles and few fine distinct dark gray (10 YR 4/1) 
mottles; moderate very fine sub-angular blocky structure. 
244 
Soil Type - Keswick silt loam 
Name - Miller Blair farm 
Legal Description - 520 feet South and 48 feet West of NE corner, Section 30, 
Vernon Twp., Van Buren County-
Slope - 14 percent concave 
Erosion - 2 
Aspect - Southeast 
Present Vegetation - Approximately 20$ bluegrass, 53$ open ground and 27$ 
weeds. 
Root Development 
a. Depth of Penetration - 26 inches 
b. Intensity - Root development essentially stops in Bgg horizon. 
Remarks : This is a thin solon Adair grading toward a Lindley profile. 
Profile description - Keswick silt loam 
Ap 0 to 6 inches, dark grayish-brown (2.5 Y 4/2) friable silt loam; 
with many fine distinct black (10 YR 2/l) mottles and yellowish-
brown (10 YR 5/6) mottles; moderate fine granular; abrupt boundary. 
kj 6 to 9 inches, dark grayish brown (10 YR 4/2) friable light silty 
clay loam; with many coarse distinct yellowish-brown (10 YR 5/6) 
mottles; moderate fine sub-angular blocky; clear boundary. 
B]_ 9 to 16 inches, yellowish-brown (10 YR 5/6) slightly plastic heavy 
silty clay loam; with many medium distinct dark grayish brown 
(10 YR 4/2) mottles and few fine distinct brownish yellow (10 YR 6/6) 
mottles; strong fine sub-angular blocky structure; thin disconnected 
clay skins on vertical ped faces; gradual boundary. 
Bgi 16 to 26 inches, yellowish-brown (10 YR 5/6) plastic heavy silty 
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clay loam; with many fine light brownish gray (10 YR 6/2) mottles; 
strong fine sub-angular blocky structure; continuous clay skins on 
all ped faces; gradual boundary. 
26 to 32 inches, light brownish gray (10 YR 6/2) plastic heavy silty 
clay loam, with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; strong medium sub-angular blocky structure; continuous 
clay skins on all ped faces; gradual boundary. 
32 to 42 inches, gray (10 YR 6/l) plastic heavy silty clay loam; 
with many medium distinct yellowish brown (10 YR 5/6) mottles and 
few medium distinct grayish-brown (10 YR 5/2) mottles; moderate to 
weak coarse sub-angular blocky; continuous clay skins on all ped 
faces. 
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Soil Type - Keswick silt loam 
Name - Otto Burchett farm 
Legal Description - 244 feet East along fence and 94 feet North of NW 
corner Sect. 5. Des Moines Twp., Van Buren County. 
Slope - 13 percent concave 
Erosion - 2 
Aspect - East, located in the bowl of the cove. 
Present Vegetation - Approximately 39$ bluegrass, 31$ timothy and redtop, 
and 30$ open ground. 
Root Development 
a. Depth of Penetration - 24 inches 
b. Intensity - Root development stops in the Bg horizon. 
Remarks : This soil is grading to a Clarinda soil profile. There are 
weatherable minerals noticeable to the naked eye. 
Profile description - Keswick silt loam 
Ap 0 to 6 inches, dark grayish brown (10 YR 4/2) friable silt loam; 
moderate fine granular structure; abrupt boundary. 
A^ 6 to 10 inches, dark grayish brown (10 YR 4/2) friable silt loam; 
with common medium distinct very dark grayish brown (10 YR 3/2) 
mottles; moderate coarse granular structure ; clear boundary. 
B]l 10 to 15 inches, brown (10 YR 5/3) slightly plastic silty clay 
loam; with many medium distinct yellowish brown (10 YR 5/6) mottles 
and few medium distinct dark grayish brown (2.5 Y 4/2) mottles; 
moderate fine sub-angular blocky structure; gradual boundary. 
Bg 15 to 29 inches, light brownish gray (2.5 Y 6/2) plastic silty 
clay; with many medium distinct light olive brown (2.5 Y 5/6) 
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mottles and few fine distinct very dark grayish brown (10 YR 3/2) 
mottles; strong coarse and medium sub-angular blocky structure; 
gradual boundary. 
29 to 36 inches, grayish brown (2.5 Y 5/2) plastic light silty clay; 
with many fine distinct olive brown (2.5 Y 4/4) mottles and olive 
yellow (2.5 Y 6.6) mottles; moderate very coarse sub-angular blocky 
structure; gradual boundary. 
36 to 48 inches, grayish brown (2.5 Y 5/2) plastic heavy silty clay 
loam; with few fine distinct light olive brown (2.5 Y 5/6) mottles; 
moderate very coarse sub-angular; blocky structure; gradual boundary. 
46 to 56 inches, yellowish brown (10 YR 5/6) slightly plastic clay 
loam; with many medium distinct grayish brown (2.5 15/2) mottles; 
massive (structureless). 
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Soil Type - Keswick loam 
Name - Harvey Chapman farm 
Legal Description - 857 feet East and 606 feet North of SW corner NW l/4 
of Sect. 26, Liberty Twp., Jefferson County. 
Slope - 7 percent concave 
Erosion - 2 
Aspect - West-Northwest 
Present Vegetation - Approximately 1# bluegrass, 1$ timothy and redtop, 
4$ open ground and 94$ Antennaria 
Root Development -
a. Depth of Penetration - 17 inches 
b. Intensity - There is marked reduction in root development in 
the Bj horizon. 
Profile description - Keswick loam 
Ap 0 to 5 inches, dark grayish-brown (2.5 Y 4/2) friable loam; moderate 
very fine granular structure; abrupt boundary. 
A^ 5 to 9 inches, dark brown (2.5 Y 4/3) friable silty-clay loam; with 
few fine distinct very dark grayish-brown (10 YR 3/2) mottles; 
moderate very fine sub-angular blocky structure; clear boundary. 
9 to 17 inches, dark brown (7»5 YR 4/4) friable light silty clay; 
with few fine distinct dark brown (10 YR 4/3) mottles; moderate fine 
sub-angular blocky structure; thin discontinuous clay skins on all 
ped faces; gradual boundary. 
21 to 30 inches, light brownish-gray (10 YR 6/2) silty clay; with 
many coarse and medium yellowish-brown (10 YR 5/8) mottles and 
common medium distinct very dark gray (10 YR 3/l0) mottles; moderate 
fine sub-angular blocky structure; few very fine soft fe-mn con-
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cretions; discontinuous clay skins on the ped faces; gradual 
boundary. 
30 to 42 inches, light brownish-gray (10 YR 6/2) silty clay; with 
few medium and fine distinct yellowish-brown (10 YR 5/6) mottles 
and few fine distinct dark gray (10 YR 4/l) mottles; massive 
(structureless); gradual boundary. 
42 to 50 inches, yellowish-brown (10 YR 5/6) friable sandy clay; 
with few fine distinct dark grayish brown (10 YR 4/2) mottles and 
many fine distinct light brownish-gray (10 YR 6/2) mottles; massive 
(structureless). 
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Soil Type - Keswick silt loam 
Name - Delbert Crawford 
Legal Description - 1,405 feet East and 302 feet North of SW corner of 
Sect. 29 Cedar Twp., Jefferson County. 
Slope - 14 percent concave 
Erosion - 1 
Aspect - West 
Present Vegetation - Approximately 12$ bluegrass, 2$ timothy and redtop, 
15$ white clover, 52$ open ground, 2$ Aristida, 
3$ Antennaria, 3$ Buckbrush and 11$ other weeds. 
Root Development 
a. Depth of Penetration - 16 inches 
b. Intensity - Root development stops at the Bg^ horizon. 
Remarks: There is a seven inch loess mantle over the paleosil profile. 
Profile description - Keswick silt loam 
A^ 0 to 4 inches, dark grayish brown (2.5 Y 4/2) friable silt loam; 
moderate very fine granular structure; abrupt boundary. 
Ag 4 to 7 inches, grayish brown (10 YR 5/2) friable silt loam; weak 
medium platty structure; abrupt boundary. 
Aj 7 to 10 inches, pale brown (10 YR 6/3) friable silt loam; with few 
fine faint yellowish brown (10 YR 5/4) mottles; weak very fine sub-
angular blocky structure; clear boundary. 
10 to 16 inches, dark brown (10 YR 4/3) slightly plastic silty clay 
loam; with many fine faint yellowish brown (10 YR 5/4) mottles; 
moderate to strong very fine sub-angular blocky structure; thin 
discontinuous clay skins on vertical ped faces; gradual boundary. 
Bgi 16 to 25 inches, grayish brown (10 YR 5/2) plastic silty clay; 
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with many medium distinct yellowish brown (10 YR 5/8) mottles and 
few coarse distinct light yellowish brown (10 YR 6/4) mottles; 
moderate medium sub-angular blocky structure; thin continuous clay 
skins on all ped faces; gradual boundary. 
25 to 32 inches, light brownish-gray (10 YR 6/2) plastic silty clay; 
with medium and fine distinct yellowish brown (10 YR 5/6) and 
(10 YR 5/8) mottles; moderate medium sub-angular blocky structure; 
gradual boundary. 
32 to 42 inches, light brownish-gray (10 YR 6/2) plastic silty clay; 
with common fine distinct yellowish-brown (10 YR 5/6) mottles; strong 
very fine sub-angular blocky structure; gradual boundary. 
42 to 52 inches, light brownish gray (10 YR 6/2) plastic light silty 
clay; with common fine distinct yellowish-brown (10 YR 5/6) mottles; 
strong very fine sub-angular blocky structure; many fine soft fe-mn 
concretions. 
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Soil Type - Keswick silt loam 
Name - F. C. Elliott 
Legal Description - 413 feet South and 125 feet West of NE corner, Sect. 3» 
Henry Twp., Van Buren County. 
Slope - 9 percent concave 
Erosion - 1 
Aspect - South-Southeast 
Present Vegetation - Approximately 16$ bluegrass, 6$ timothy and redtop, 
2$ white clover, 42$ lespedeza, 16$ open ground, 
5$ Aristida, 3$ Antennaria and 10$ other weeds. 
Root Development 
a. Depth of Penetration - 34 inches 
b. Intensity - There is a marked reduction in root development in 
the B^-A^ horizon. 
Remarks: This soil is a thin solon Weller over Adair like material and is 
found on the leeward slope from the prevailing winds. The B^-A-^ 
has the appearance of a modern B^ developing in a paleosolic A^. 
Profile description - Keswick silt loam 
I. A^ 0 to 6 inches, dark grayish-brown (2.5 Y 4/2) friable silt 
loam; moderate fine granular structure ; abrupt boundary. 
Ag 6 to 8 inches, grayish brown (10 YR 5/2) friable light silt 
loam; with few fine distinct dark grayish brown (2.5 Y 4/2) 
mottles; weak medium platty structure; clear boundary. 
A^-B^ 8 to 16 inches, dark grayish brown (10 YR 4/2) friable light 
silty clay loam; with few medium distinct very dark gray 
(10 YR 3/1) mottles; moderate medium sub-angular blocky; 
gradual boundary. 
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16 to 26 inches, grayish brown (10 YR 5/2) friable light silty 
clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles; moderate medium sub-angular blocky structure; many 
very fine soft fe-mn concretions; gradual boundary. 
26 to 34 inches, gray (10 YR 5/l) slightly firm silty clay 
loam; with many coarse distinct yellowish brown (10 YR 5/6) 
and (10 YR 5/8) mottles; strong coarse angular blocky 
structure; gradual boundary. 
34 to 50 inches, yellowish-brown (10 YR 5/6) friable light 
silty clay loam - gritty; with many medium distinct grayish 
brown (10 YR 5/2) mottles; weak medium sub-angular blocky 
structure; numerous soft fe-mn concretions; abrupt boundary. 
50 to 60 inches, dark grayish-brown (10 YR 4/2) firm heavy 
silty clay; with many medium distinct dark brown (7«5 YR 4/4) 
mottles and strong brown (7.5 YR 5/6) mottles; strong medium 
sub-angular blocky structure. 
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Soil Type - Keswick silt loam 
Name - R. T. Gonterman farm 
Legal Description - 403 feet Northwest along fence and 64 feet East of gas 
pipe line in fence row which is 102 rods North and 80 
rods West of SE corner of SW l/4 Sect. 17, Cedar Twp., 
Jefferson County. 
Slope - 13 percent concave 
Erosion - 1 
Aspect - North-west 
Present Vegetation - Approximately 17$ bluegrass, 12$ timothy and redtop, 
55$ open ground, 11$ Antennarià and 5$ weeds. 
Root Development 
a. Depth of Penetration - 33 inches 
b. Intensity - Root penetration and development stopped at 
horizon. 
Remarks: This profile is fairly typical of a modal Keswick profile. 
Profile description - Keswick silt loam 
A^ 0 to 4 inches, very dark gray (10 YR 3/l) friable silt loam; strong 
fine granular structure; abrupt boundary. 
Ag 4 to 7 inches, dark grayish brown (10 YR 3/l) mottles; weak fine 
platty structure ; clear boundary. 
kj 7 to 12 inches, dark grayish brown (10 YR 4/2) friable silt loam; 
with common fine distinct yellowish brown (10 YR 5/^) mottles and 
few fine distinct yellowish brown (10 YR 5/8) mottles; moderate 
medium sub-angular blocky structure; clear boundary. 
&L 12 to 19 inches, yellowish brown (10 YR 5A) slightly firm silty 
clay loam; with common faint yellowish brown (10 YR 5/8) mottles ; 
moderate strong medium sub-angular blocky structure; thin discon­
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tinuous clay skin on all ped faces; gradual boundary. 
19 to 33 inches, dark brown (7»5 YR 4/4) slightly plastic heavy 
silty clay loam; with common medium distinct dark grayish brown 
(10 YR 4/2) mottles; strong medium angular blocky structure; many 
fine soft fe-mn concretions; thin continuous clay skins on all ped 
faces, gradual boundary. 
33 to 43 inches, brown (7.5 YR 5/4) plastic silty clay; with many 
fine distinct dark reddish brown (5 YR 3/4) mottles; moderate 
medium sub-angular blocky. 
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Soil Type - Keswick silt loam 
Name - Bruce Johnston farm 
Legal Description - 1,564 feet West and 302 feet North of SE corner of. 
NW l/4 Sect. 26, Liberty Twp., Jefferson County. 
Slope - 10 percent concave 
Erosion - 2 
Aspect - North-Northeast 
Present Vegetation - Approximately 16$ bluegrass, 6$ timothy and redtop, 
10$ white clover, 4$ other legumes, 39$ open ground, 
10$ Antennaria, 3$ Aristoida, 7$ buckbrush and 5$ 
ragweed and other weeds. 
Root Development 
a. Depth of Penetration - 45 inches 
Remarks : This soil is a low grade Lindley with paleosolic influence. 
Profile description - Keswick silt loam 
Ap 0 to 5 inches, very dark grayish-brown (10 YR 3/2) friable silt loam; 
moderate fine granular structure; abrupt boundary. 
B^ 5 to 9 inches, dark grayish brown (10 YR 4/2) friable silty clay loam, 
with mixing of very dark grayish brown (10 YR 3/2) material in the 
worm casts and root channels; moderate very fine sub-angular blocky 
structure; gradual boundary. 
Big 9 to 16 inches, dark grayish-brown (10 YR 4/2) slightly firm heavy 
silty clay loam; with many fine distinct yellowish-brown (10 YR 5/6) 
mottles and very dark grayish brown (10 YR 3/2) mottles; strong very 
fine sub-angular blocky structure ; gradual boundary. 
Bg 16 to 22 inches, yellowish brown (10 YR 5/6) slightly firm silty clay 
loam; with many coarse distinct pale brown (10 YR 6/3) mottles; 
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strong medium sub-angular blocky structure; numerous fine soft fe-mn 
concretions; gradual boundary. 
22 to 36, inches, yellowish brown (10 YE 5/6) heavy clay loam; with 
many coarse distinct light brownish-gray (10 YR 6/2) mottles; strong 
medium and coarse sub-angular blocky structure; numerous fine soft 
fe-mn concretions; gradual boundary. 
36 to 45 inches, yellowish brown (10 YR 5/6) and (10 YR 5/8) friable 
clay loam; with many coarse distinct dark gray (10 YR 4/l) mottles 
and white (10 YR 8/1) mottles and few coarse distinct light brownish-
gray (10 YR 6/2) mottles and few medium distinct gray (10 YR 5/l) 
mottles; strong-medium and coarse sub-angular blocky structure. 
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Soil Type - Keswick silt loam 
Name - Roy Mounts farm 
Legal Description - 214 feet East and 104 feet North of farm boundary on 
West edge of NE l/4 of Sect. 32, Cedar Twp., Jefferson 
County. 
Slope - 11 percent concave 
Erosion - 1 
Aspect - West 
Present Vegetation - Approximately 8$ bluegrass, 5$ white clover, 52$ 
open ground, 8$ Aristida, 12$ Antennaria, 10$ buck-
brush and 5$ weeds. 
Root Development 
a. Depth of Penetration - 15 inches 
b. Intensity - Root development and penetration stops at Bg horizon. 
Remarks : This profile is fairly typical of a modal Keswick profile. 
Profile description - Keswick silt loam 
A^ 0 to 3 inches, dark gray (10 YR 4/l) friable silt loam; weak fine 
granular structure; abrupt boundary. 
Ag 3 to 6 inches, grayish brown (10 YR 5/2) friable silt loam; weak fine 
platty structure ; abrupt boundary. 
kj 6 to 9 inches, brown (10 YR 5/3) friable silt loam; with few fine dis­
tinct dark gray (10 YR 4/l) mottles; weak very fine sub-angular blocky 
structure; clear boundary. 
B]_ 9 to 15 inches, brown (10 YR 5/3) friable light silty clay loam; with 
many fine distinct yellowish brown (10 YR 5/8) mottles and few fine 
distinct dark grayish brown (10 YR 4/2) mottles; strong fine sub-
angular blocky structure; clear boundary. 
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15 to 28 inches, mottled light brownish gray (10 YR 6/2) (50 per­
cent) and yellowish brown (10 YR 5/8) (50 percent) plastic silty 
clay; strong fine sub-angular blocky structure; few very fine soft 
fe-mn concretions; gradual boundary. 
28 to 40 inches, light brownish gray (10 YR 6/2) plastic silty clay; 
with common med distinct yellowish brown (10 YR 5/8) mottles; massive 
(structureless). 
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Soil Type - Keswick silt loam 
Name - E. W. Schoeni farm 
Legal Description - 214 feet North and 109 feet East of SW corner Sect. 6, 
Van Buren Twp., Van Buren County. 
Slope - 10 percent concave 
Erosion - 2 
Aspect - East 
Present Vegetation - Approximately 19$ bluegrass, 3$ redtop and timothy, 
1$ legumes, 66$ open ground, 3$ Antennaria, 5$ 
ragweed and 3$ other weeds. 
Root Development 
a. Depth of Penetration - 32 inches 
b. Intensity - Root development stopped at the Bg^ horizon. 
Remarks : The soil of B23 horizon is a mixture of sand and silt which 
appears to be Gosport like. The soil approaches a thin solar 
Weller over Gosport like material. 
Profile description - Keswick silt loam 
I. A% 0 to 5 inches, dark grayish brown (2.5 Y 4/2) friable silt loam; 
strong fine granular structure; abrupt boundary. 
A2 5 to 7 inches, light brownish gray (2.5 Y 6/2) friable silt loam; 
with few fine faint yellowish brown (10 YR 5/6) mottles; very 
weak medium platty structure; abrupt boundary. 
Aj 7 to 10 inches, grayish brown (2.5 Y 5/2) friable heavy silt 
loam; with numerous medium distinct light olive brown (2.5 Y 5/6) 
mottles; strong very fine sub-angular blocky structure; clear 
boundary. 
B^ 10 to 16 inches, grayish brown (10 YR 5/2) slightly plastic silty 
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clay loam; with many medium distinct yellowish-brown (10 YR 5/6) 
mottles and few medium distinct dark gray (10 YR 4/l) mottles; 
moderate fine sub-angular blocky structure; gradual boundary. 
16 to 22 inches, brown (10 YR 5/3) plastic heavy silty clay 
loam; with many medium distinct yellowish-brown (10 YR 5/8) 
mottles; moderate to strong medium sub-angular blocky structure; 
gradual boundary. 
22 to 32 inches, grayish-brown (10 YR 5/2) plastic heavy silty 
clay loam; with many fine distinct yellowish-brown (10 YR 4/2) 
mottles; strong medium sub-angular blocky structure; abrupt 
boundary. 
32 to 46 inches, light brownish-gray (10 YR 6/2) friable sandy 
clay loam; with many medium and coarse distinct yellowish-brown 
(10 YR 5/8) mottles; massive (structureless). 
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Soil Type - Keswick loam 
Name - Clarence Sirdoreus farm 
Legal Description - 1,113 feet West and 386 feet North (along fence) 
from SW corner of SE l/4 of Sect. 7, Cedar Twp., 
Jefferson County. 
Slope - 17 percent concave 
Erosion - 1 
Aspect - East 
Present Vegetation - Approximately 28$ bluegrass, 2$ white clover, 4$ 
other grasses, 44$ open ground, 3$ Antennaria, 7$ 
ragweed and 12$ other weeds. 
Root Development 
a. Depth of Penetration - 30 inches 
b. Intensity - There was an abrupt reduction in amount of roots 
at the Bj2_ boundary. 
Remarks: This profile would be considered fairly typical of a modal 
Keswick profile. 
Profile description - Keswick loam 
A^ 0 to 3 inches, dark gray (10 YR 4/l) friable loam; moderate fine 
granular structure; abrupt boundary. 
Ag 3 to 6 inches, light brownish gray (10 YR 6/2) friable silt loam; 
weak fine platty structure; abrupt boundary. 
6 to 10 inches, dark brown (7«5 YR 4/4) friable light silty clay 
loam; with few fine distinct pinkish gray (7*5 YR 6/2) mottles; 
strong fine sub-angular blocky structure; clear boundary. 
10 to 17 inches, yellowish red (5 YR 4/6) slightly plastic silty 
clay; with few medium distinct pinkish gray (7«5 YR 6/2) mottles; 
strong very fine sub-angular blocky structure; gradual boundary. 
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17 to 30 inches, yellowish red (5 YR 4/6) plastic silty clay; 
with few fine distinct pinkish gray (7.5 YR 6/2) mottles; strong 
medium sub-angular blocky structure; gradual boundary. 
30 to 40 inches, pinkish gray (7-5 YR 6/2) slightly plastic clay 
loam; with many coarse distinct strong brown (7.5 YR 5/®) mottles; 
weak coarse sub-angular blocky structure; gradual boundary. 
40 to 50 inches, mottled pinkish gray (7.5 YR 6/2) (50 percent) and 
strong brown (7.5 YR 5/8) (50 percent) slightly plastic clay loam; 
very weak medium sub-angular blocky structure. 
